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SUMMARY

1. The work described in this thesis was directed towards

j-solation of the gene for the extracellular alkaline protease

of B. qmAloliquefaeíens, to enable a study of the production

of this enzyme, ât the molecular level, to be undertaken.

2. RNA from B. amyLoLiquefaciens was isolated, and translated

in a cell-free system derived from E. eoLí. An antiserum

prepared to the extracellular alkaline protease vlas used to

identify translational products related to this enzyme.

3. The mRNA for these products was partially purified by

fractionation of total RNA on sucrose-formamide gradients

followed by agarose-methylmercury gels.

4. Random primed cDNA synthesised to the partially purified

mRNA preparation was used to screen a genomal library of

B. amyLoLiquefaciens DNA. A clone was isolated, which, by

using the technique of hybrid-selection-translation, appeared

to correspond to a major translational product shown by

immunoprecipitation to be related to the alkaline protease.

DNA sequence analysis did not confirm the identity of this

putative alkaline protease clone. The possibility exists

that this clone may be related to the extracellular neutral

protease of B. amyLoLiquefaeiens.

5. Using RNA from B. amyLoliquefaeíens as template, and

synthetic DNA oligomers specific for the alkaline protease

gene as primers, extended. probes were synthesised and used

to screen a colony library of B. amALoLíquefaeiens DNA.

This resulted in the isolation of a clone, designated pBAPI'
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which was confirmed by DNA sequence analysís to eontain the

gene for the extracellular alkaline Protease of B. amyLoLi-

quefaciens.

6. The cloned alkaline protease gene r^tas used as a probe

to examine mRNA production by hybridisation analysis.

Preliminary experiments are supportive of the concept of a

reserve pool of mRNA for this enzyme.
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GENERAL INTRODUCTION

The work presented in this thesis concerns the synthesis

of extracellular protease by B. amALoLiquefacíens. This

organism produces several extracellular enzymes, the synthesis

of which have been studied extensively in this laboratory.

Of particular interest in this work has been a study of the

production of extracellular protease, which shows an unusual

response to inhibitors of transcription. As well as providing

a model system for the study of exoenzyme production in bacteria,

a novel control- situation is apparent in the production of

extracellular protease by B. amyLoLíquefaeiens. The central

aim of the work presented here has been to examine this

phenomenon at the molecular levelr âs will be discussed further,

later in this chapter.

1.I INTRODUCTION

Bacterial extracellular enzymes are largely degradative

and their most obvious role seems to be in hydrolysis of envir-

onmental macromofecules for utilisation by the cell.

(Mandelstam, Lg69; Engetking & seidler, L974). In this way

these enzymes probably fulfil the same roÌe as the various

digestive enzymeê secreted by organs such as the pancreas.

In many species of BaciLLus, secretory proteases may also

play a role in the sporulation process, âs evidenced by the

finding that these enzymes are produced in response to a

developmental signal which directs the bacteria to sporulate.

(Hoch , 1976, Priest , L977) .

The problem arises, in both prokaryotes and eukaryotes'
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of how in many cases, potentially lethal enzymes are synthesised

and secreted with impunity across biological membranes. This

problem is encompassed in the broader question, fundamental

in the function of all living cells, of how hydrophilic proteins,

whatever their finar destination and functìon, are translocated

across hydrophobic membranes.

I.2 TRANSPORT OF PROTEINS ACROSS BIOLOGICAL MEI{BRANES

It has become clear in the past ten years or sor that

most transported proteins of both prokaryotes and eukaryotes

are synthesised with amino-terminal "signal" peptides which

play an important part in the transport process. Fundamental

problems, which have been the focus of intensive research in

recent years include: the role of the signal peptide in the

transport process; the involvement of other proteins in the

mechanism of transport; whether transport occurs as the protein

is elongated, or after synthesis, involving the transfer of

entire domains; the location and timing of processing of the

transported protein by the signal peptidase; the location

of the synthesis of proteins destined for transport (i.e.

whether this occurs on membrane-associated or free polysomes)

and the importance of primary and secondary structures (both

in the signal peptides and in the processed proteins) in

determining the final location and topology of secretory and

membrane-associated proteins .

While it has been established that prokaryotes and

eukaryotes share conmon features in the process of protein

transport, many details of the mechanisms of protein trans-
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location remain to be elucidated. In eukaryotes, secretory

proteins are largely synthesised on polysomes associated with

membranes, and examples also exist in bacteria. A considerable

body of evidence also exists for the synthesis of secretory

proteins on free polysomes.

The very large body of work in this field, in both

eukaryotes and prokaryotes, has been the subject of extensive

reviews in recent years, [Glenn, (1976); lfickner, (1979) ¡

Inouye & Halegoua, (1980); Davis & Tai, (1990) ; Blobe1, (1980) ;

Emr et aL., (1980); Wickner, (1980); Kreil' (19e1); Michaelis

& Beckwith (1982) ì Silhavy et aL., (1983) l.

This material will not be covered again here except to

consider briefly four models emerging from this work which

attempt to explain the mechanism of protein transfer across

biological membranes. These models may be considered to fall-

into two catagories. First, three models in which the poly-

peptide chain is seen to be extruded in a linear form, generally

as it is elongated. These models are the signal hypothesis

(gIobel & Dobberstein, L975) , the helical hairpin hypothesis

(Enge]man & Steitz, 1981) and the direct transfer model (Von

Heijne & Blornberg, L979). In these models emphasis is placed

on the importance of the primary structure of proteins in the

transport process. In the second category, represented by the

membrane-trigger hypothesis (Wickner, L979) , emphasis is placed.

on the secondary structure of proteins, with the transfer of

entire domains across the membrane after synthesis. It Seems

possible that the real situation for protein transport resides

in the still somewhat grey area somewhere between these extremes.

In the signal hypothesis (Blobe1 & Dobberstein, L975) ,
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originally proposed to explain the co-translational extrusion

of proteins across the endo-plasmic reticulum of eukaryotic

ce1Is, the signal peptide of the nascent secretory protein

\^ras seen to direct the binding of the ribosome to a protein-

aceous pore in the membrane which facilitates passage of the

nascent chain through the bilayer. This model can be modified

to account for post-translational modes of transport (Blobel'

1980), but requires transfer of the protein in an extended

form. The SRP (signal recognition particle) a complex of six

proteins and a 73 RNA species, has recently been shown to play

a part in the translocation process (!,Ia1ter & Blobel , 1-983).

The SRp is proposed to bind to the signal sequence of a nascent

secretory protein, blocking translation until the appropriate

membrane is encountered. BindÍng of the signal,/Sne complex to

a membrane integrated receptor, termed the "docking protein",

results in release of elongation arrest and the formation of a

hydrophilic, transmembrane pore through which the secretory

protein is co-translationally extruded. The signal sequence

is cleaved by the signal peptidase which is associated with

the pore complex.

In the helical hairpin hypothesis (Engelman & steitz,

198f), it is proposed that translation by cytoplasmic ribosomes

results in the synthesis of the initial seqment of a secretory

protein which spontaneously partitions into the membrane in the

form of a hairpin containing two helices' one of which is the

hydrophobic signal sequence. The rest of the secreted protein

sequence forms a polar helix as it passes through the membrane

as protein synthesis continues. Cleavage of the signal peptide

results in the release of the mature protein on the extra-
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cytoplasmic side of the membrane. This process is spontaneous

and depends on the distribution of polar and non-polar

sequences in the polypeptide, and by necessity is co-trans-

lational to prevent folding of domains within the cytoplasm'

The direct transfer model (Von Heijne & Blomberg' L979)

proposes that after the initiation of translation by a cyto-

plasmic ribosome, the initial segment of a secretory protein

partitions into the membrane as a loop containing two a-helices'

The ribosome binds to an integral membrane protein and continued

translation results in extrusion of the secretory protein

through the membrane. The mature protein is released on the

extra-cytoptasmic side of the membrane after cleavage of the

signal region and the ribosome dissociates from its binding

site. This model suggests, that provided the ribosome is

tightly associated with the membrane, the energy of elongation

would be sufficient to drive the chain directly through the

bilayer.
An alternative to the above three models is the "membrane

trigger" hypothesis put forward by wickner (L979\, which

emphasises the role of protein conformation in the transport

process. This model proposes that the interaction of a protein

with the membrane triggers its folding into a conformation that

spans the bilayer or is integrally associated with it. This

spontaneous process may involve the rearrangement of a proteinrs

hydrophobic and hydrophilic domains. The role of the signal

peptide is to activate a protein for membrane assembly by

altering its folding pathway. The signal peptide facilitates

protein translocation by promoting the proper folding of the

protein as it encounters the bilaYêf, the need for specific
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ribosome-membrane interactions is alleviated, and processing

occurs after translation is complete. This model involves

the movement of entire domains of a protein through the

membrane, and unlike the other models, which in general rely

on co-translational extrusion of nascent chains through the

membrane, while not obligatorily post-translational, encompasses

this mode of transfer.

There is increasing evidence that many proteins can be

transported by either co- or post-translation mechanisms

(silhavy et aL., 1983), ie,, that these two modes of transfer

are not mutually exclusive for a particular protein, and

that there may not be any fundamental difference bet\^teen

post- and. co-translational mechanisms of transport (Randall'

leB3).

In summary then, it can be said that the detailed

mechanism of transport of proteins across membranes has not

yet been elucidated. Extracellular enzyme production by

B.amyLoLiquefacienshasbeenusedasamodelsysteminthis

laboratory to study this process in bacteria, and this work

is discussed below.

EXTRACELLULAR ENZYME PRODUCTION BY B. AMYLOLISUEFACIENS

Exoenzyme production by B. amyLoLiquefaeíens and transport

of these proteins across the membrane has been studied in

this laboratory over many years. This organism secretes into

the external medium large amounts of o-amylase, ribonuclease'

and protease , of which there are two major speciesr âD alkaline

protease and a neutral protease. As a system for studying
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exoenzyme production it has the advantage that washed cells,

free of accumulated extracellular enzymesr can actively

produce these enzymes under conditions where the ce1ls are

not growing.

Work by Both et aL. (197I, L972) indicated that washed

cells of B. amALoLíquefaeíens harvested in late 1og phase of

growth contained an u.pirr"rrt pool of protease mRNA sufficiently

large to sustain rapid protease synthesis for about sixty

minutes in the presence of rifampicin or actinomycin D. The

mRNA for intracellular proteins decayed as expected within a

few minutes of treatment with the antibiotics (as measured

by ability to incorporate amino acids). The synthesis of

protease was shown to involve d¿ no'ùo synthesis of protein

in two important control experiments. Firstly, chloramphenicol

prevented it and secondly, the protease.released after 20 min

incubation was totally labelled with 14C-1",r"i.r" indicating

de nouo synthesis of the enzyme.

Gould, May & Elliott (1973) and Love (1981) showed the

existence of qualitatively similar pools for cx?amylase and

ribonuclease though of a smaller apparent size. Sanders

and t"lay (I975) showed that B. amyLoLiquefaeiens extracellular

enzymes emerge from the protoplast in a trypsin-sensitive

configuration implying that either a nascent form is extruded

or that the enzyme is secreted in a form different from the

final form which is insensitive to trypsin. The antibiotic

cerulenin, which prevents fatty acid synthesis in a wide

range of organisms has been shown by Paton eú aL. (1980),

in an interesting study, to selectively inhibiL protein

secretion by B. amyLoLíquefaeiens.
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The synthesis of extracellular protease by B. amALoLí-

quefaeiens is a system whose response to inhibitors of trans-

cription is very unusual when compared to other prokaryote

systems. This has been of central interest in recent work

in this laboratory and is the focus of the work to be described

in this thesis.

Protease production is subject to amino acid repression,

and as mentioned, involves de nouo synthesis of the enzyme

(BoLh et aL., L972; May & Elliott, 1968). OrConnor (1978)

demonstrated that incubation in a medium with high levels of

amino acids (repressive) for 75 min exhausts the capacity of

cells of B. amALoliquefaciens Lo produce extracellular

protease j-n the presence of rifampicin or actinomycin D.

Upon transfer of these "exhausted" cells to a medium with 1ow

levels of amino acid.s, followed by further incubation, the

amount of protease produced in the presence of rifampicin

increases linearly and at 75 min reaches a maximum value

several times greater than that found in cells used directly

from culture. After further incubation the apparent pool of

mRNA for protease (as measured by total protease produced)

rapidly declined, thereafter showing cyclical oscillations.

In recent years, several examples of extracellular

enzyme production showing similar characteristics to the

production of extracellular protease by B. amyLoLiquefaeiens

have been documented. In Víbrio aLginoLyticus, extracellular

coltagenase production (induced by collagen or its high-

molecular-weight fragments) has been shown to occur for 30

to 60 min in the presence of rifampicin at levels which

completely inhibit [3H]-uracit incorporation into TCA-precip-
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itable materíal (Reid et aL., 1980). Labelling studies and

controls with chloramphenicol confirmed that collagenase

production involves de nouo synthesis of the enzyme. Tn a

manner similar to that described for protease by BoLhr et aL.

(L972), cotlagenase production is repressed by Casamino acids.

In a similar study, Stinson & Merrick (1974) reported that

poly-B-hydroxybutyrate depolymerase secretion by Pseudomonas

Lemoignei continued for 30 min after addition of rifampicin to

secreting cultures. These workers suggested that continued

secretion may be the result of depolymerase mRNA accumulation

within the cells. Extracellular protease secretion by Pseudo-

monas maLtophiLia is supported for at least 30 min in the

absence of mRNA synthesis (Boethling, 1975). Secretion of

protease is repressed by pyruvate, L-malate, succinate and

most markedly by cr-ketoglutarate; all preferred substrates

for growth of the organism. A mechanism similar to catabolite

repression r,tras proposed to control exoenzyme secretion. Exo-

enzyme synthesis v¡as found to be several tímes more sensitive

to inhibitors that affect protein synthesis, than was total

protein synthesis. A post-transcriptional control mechanism

coupled to a-ketoglutarate was suggested to account for the

find.ing that rifamycin-insensitive protease secretion could

be reversed by either o-ketoglutarate or chloramphenicol.

One further example of prolonged exoenzyme secretion in the

presence of inhibitors of transcription is a-amylase product-

ion by the marine bacterium, ALtez,omone.s rubra (Gavrilovic et

aL. , L982) . This enzyme is secreted for at least 20 min in

the presence of actinomycin D or rifampin at concentrations

which completely and rapidly inhibit cellular RNA synthesis,
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suggesting the presence of a pool of mRNA specific for the

enzyme.

While these examples are similar in several characteristics,

there appears to be no known precedent in bacteria for the

progressive insensitivity of protease synthesis to transcript-

ional inhibitors.

The oscillating capacity for rifampicin-insensitive

protease production by B. amyLoLiquefacíens can be explained

by bursts of protease gene activity alternating with trans-

criptionally inactive periods. The current working hypothesis

put forward by o'connor et aL. (1978)' is that during qene

Lranscription two forms of protease mRNA are made, one immed-

iately translated, the other formi-ng a reserve pool of non-

translatable mRNA which, oh cessation of transcription, is

converted to the translatable form and supports protease

production during the transcriptionally inactive period.

Thus it appears as though transcription of the protease gene

is switched on when the reserve mRNA pool is low, and off

when it is high.

The alternative hypothesis to a reserve pool of mRNA'

that of a stable mRNA, while at first sight attractive is in

fact exceedingly difficult to correlate with experirnental

observation. secretion of protease by cells proceeds at

essentially a constant rate irrespective of whether the

apparent mRNA pool is very small or very large, implying that

mRNA concentration is not rate limiting, i.e., that there is

a "reserve" pool. To attempt to explain the observations

without this but solely on the basis of a stable mRNA

requires extremely complex assumptions. The hypothesis of
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Coleman and coworkers (Coleman & Brown, I975) of a rífampicin-

j-nsensitive RNA polymerase is untenable (O'Connor, 1978) . The

Iatter paper also discusses the grounds for rejecting other

objections by this group of workers.

The deficiency in all of the above work carried out on

intact cells is that mRNA pools and sizes must be inferred

from the amount of translational product, and. at this level

of evidence any hypothesis must remain unproven.

Confirmation or rejection of this hypothesis requires

examination of protease mRNA production at the molecular

l-evel.

It is clear that two levels of control are implicated

here: firstly, transcriptional control of protease gene

expression; and Secondly, if the concept of a reserve mRNA

pool for protease is correct, a translational control

mechanism of some kind. Speculation as to the possible nature

of these controls awaits isolation of the protease gene and

direct examination of the apparent protease nRNA pool.

This requires a study by hybridisation analysis of

protease mRNA production using the protease gene probe. The

main aim of the work in this thesis was to provide a gene

probe to allow such a study to be undertaken-

As was mentioned previously, the work presented in this

thesis, whíle related to the question of how extracellular

enzymes are produced and transported across the cytoplasmic

membranes of bacteria, is directly concerned with the control

at the molecular level of a particularly unusual example of

this proces+ that of extracellular protease production by

B. amyLoLíquefaeiens. This requires isolation of the gene(s)
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for these enzymes.

It is of interest therefore to consider examples of the

isotation and characterisation of genes for other secretory

proteins from BaeiLLus.

The structural gene for the penicillinase of B' Lichení-

foTmis (pen P) has been cloned in both À phage vectors in

E. eoLi (Brammar et aL. , 1980) and in plasmid vectors in E.

coLi and B. subtíLís (Gray & chang, 1981) and its complete

DNA sequence determined (Neugebauer et aL. , 19BI) . This enzyme

exists in both a cell-bound and an extracellular form' the

cloned gene \^las found to be expressed and' the precursor protein

processed in both l. eoLí and B. subtiLís (Gray & Chang, L981) '

In B. subtiLis the protein is efficiently secreted whereas in

E. coLí it exists aS an outer membrane protein whose properties

are indistinguishable from the celt-bound form (Sarvas &

Palva, L9B3) . The signal peptidase cleavage site of the

prepencillinase has been determined (Clnang et aL', L9B2) which

defines a 26 amino acid NH2-terminal signal peptide which ís

typical of other prokaryote signal peptides in having a

hydrophilic NH2-terminat region followed by a hyd.rophobic

region (Emr et aL., 1980).

The gene for the extracellular amylase of B. subtiLis

has been cloned in À phage and plasmid pBR322 vectors in E'

coLí, and its DNA sequence determined (Yang et aL., 1983) '

This enzyme is produced as a precursor with a presumed signal

peptide of approximately 30 amino acids, which also aPPears

typical of other prokaryote secretory proteins. The cloned

gene confers on E. eoLi the ability to degrade starch,

indicating its functional expression in this host.
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The cloning of a thermostable extracellular neutral

protease from B. steaz'othernophi|us on a vector plasmid in

B. subtíLis is of particular interest to the work presented

inthisthesis(FugiietaL.,1983).Thisgenewasfunctionally

expressed and the properties of the enzyme from both hosts found

to be the same. DNA sequence information, which would a1low

putative control regions, and the seguence of a signal peptide

to be determined, is not yet available for this cloned gene'

AIso of particular interest was the cloning of the a-

amylase gene from B. amgLoLiquefaciens and its expression in

B.subtilis(Palva,1982).Thepresenceoftheclonedgene

in B. subtiLís resulted in about 250o-fo1d higher production

of cr-amylase than wild-type B. subtiLís and about 5 times more

activity than \^tas produced by the donor B. amyLoliquefaciens

strain. The g-amylase produced from the cloned gene hIaS

efficiently secreted by the new host and the enzyme shown to

be indistinguishable from that of B. amAloLiquefaciens ' The

elevated, expression of the ctoned gene in the new host can be

accounted for partty due to the higher efficiency of the trans-

ferred promoter, and partly because of the increased copy

number of the gene, due to cloning using the multicopy plasmid

pUB1IO. The promoter and amino-terminal signal peptide region

of the cloned a-amylase gene have been characterised (Palva

et aL.,198I). This enzyme is produced as a precursor with

a signal peptide of 31 amino acids. The upstream control regions

of many B. subtiLis genes have been characterised and concensus

sequences determined (Moran eú aL., I9B2) . The nucleotide

Sequence preceding the amino terminus of the o-amylase gene

has properties consistent with the sequences for the RNA-poIy-
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merase and ribosome-binding sites found in other B. subtíLis
genes.

The gene for the a-amylase of B. amyLoT,iquefaeiens has

also been transferred to B. subtiLis, probably as a single

copy incorporated into the chromosome, using phage 03T as

vector (Yoneda eú aL., L979') . A ten-fold increase in cl-

amylase production was observed compared with endogenous

production (Yang 1980) . It was suggested (pa1va, L982) that

strain specific control mechanisns for gene expression operate

here.

These examples serve to demonstrate that the machinery

for expression and transport of secretory proteins is compat-

ible between Llne Bo.eiLLus species used here and E. coli,

although variations in the level of expressi-on occur. In
Lhese respects it witl be interesting to compare these cloned

genes for secretory proteins from BaeíLLus with the protease

gene(s) of B. amALoLiquefaeíens when the opportunity arises.

As was mentioned earlier two major species of extra-
cellular protease are produced by B. amALoLiquefaeíens, namely

alkaline and neutral proteases. In the earlier work of Both

et aL. (L972) and. OrConnor (1978) the assay system used

measured total protease production. In these studies it was

assumed that approximately 90e" of this production was neutral
protease and that the alkaline protease released by B. amyLoLi-

quefaeiens in culture contributed only a small percentage to the

total protease activity. The apparent pool of protease mRNA was

accordingly attributed mostly to neutral protease.

Love (1981) in an exhaustive study, rigorously examined.

the relative contributions of both proteases to total protease
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production under various culture conditions, using assay

systems capable of distinguishing between the two enzymes.

He concluded that the assumption of neutral protease being

the predominant species is incorrect and that both the proteases

contribute significantly to the apparent pooI, their relative

contributions varying depending on the culture conditions used.

The relative contributions to total protease activity by each

between wild type cells grohlnprotease have been shown to vary
(see. P*3e rr)

at 30"C and LF strainr.grown at 20oC, when the apparent pool

of protease mRNA is at a maximum. However, under both sets of

conditions, the contribution by each protease htas never found

to be less than 402 of the total protease activity.

Of particular interest with respect to the present work,

was the finding that at the time when the apparent pool of

protease mRNA is at a maximum, both neutral and alkaline

proteases are relèased when rifampicin is added, the former

for the first 30 min and the latter for about 70 min. This

prolonged capacity for rifampicin-insensitive alkaline prot-

ease synthesis suggests that the apparent mRNA pool for this

enzyme may be larger (or more stable) than that of the neutral

protease, and. points to the control of mRNA production for the

alkaline protease las indicated by Love (1981) ] as being the

system of choice for initial detailed study at the molecular

leveI.

In using B. amyLoLíquefacíens as a model system for

studyíng protein secretion we are faced with two important

questions. Firstly, the fundamental question of how secretory

proteins are synthesised and transported across the cytoplasmic

membrane of bacteria which was addressed in a recent study in
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this laboratory (Love, 19Bl). The second interesting problem,

posed by the findings of our earlier work on the production of

proteases by B, am7lolíquefaeiens, is the question of how the

production and transport of these secretory proteins occurs

and is controlled, in the absence of cellular RNA synthesis.

That is, is a reserve poot of mRNA for these proteins indeed

maintained within ceIls, and if so how is this achieved, and

how is the synthesis and secretion of these proteins regulated?

The work to be described in this thesis continues the

investigation of alkaline protease production by B. amALoLíque-

faciens, the aim being to further our understanding of extra-

cellular protease production at the molecular leveI. The main

objective of the work described here was to isolate the gene

for the alkaline protease of B. amyLoLiquefaciens, to enable

a detailed study by hybridisation analysis of mRNA productíon

under various culture conditions and its possible controls at

the transcriptional and translational levels. Progress towards

these ends is described in the following chapters.



CHAPTER TWO

}4ATERIALS AND IVIETHODS
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2.L MATERIALS

BACTERIAL STRAINS

(1) B. am Lo L1, e Lens

An unclassified strain of. B. subtilis was obtained from

the Takamine Laboratories Inc., clifton, N.J., u.s.A. This

organism has since been classified as a distinct species,

B. amyLoLiquefaeiens, oD the basis of DNA base composition,

DNA hybridisation studies and transduction exPeriments by

V,felker & Campbell, (1967) . Two strains of B. amyLoLiquefaeiens

are, used in this laboratory. The wild type (wT) strain

produces an extracellular peptide-lipid moleculer "Surfactin",

that lyses protoplasts (May c Elliott, 1970). A mutant strain,

designated LF- (Sanders & May, 1975) does not produce this

compound. These strains are maintained in this laboratory as

spore suspensions prepared as described by Love (I98I) and

stored at 4"C. Unless otherwise mentioned the LF- strain

was used in all work presented in this thesis'

(21 E. eoLi MRE 600 used in preparation of cell-free extracts

is a Ribonuclease I deficient strain. Stock cultures, prepared

by diluting overnight culture 1:1 in 808 @/v) sterile glycerol

are kept at -80oC. Samples \^7ere plated for single colonies

when required.

(3) E. coLí MC1061: ara D138, 
^ 

(ara, leu) 7697, L 1ac X 74,

gla u-, gla K-, hsr-, hsm+, str A (casadaban & cohen, 1gg0)

was a gift from R.P. Harvey. This strain was used in trans-

formation experiments and was maintained as described in part

(2) .

(4) E. eoLi J¡4101: lac, Pro, sup E, thi, Fr trad D 36, pro

AB, lac Is, Z A M15, 1,rras a gifÈ from A.J. Robins. This strain
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was used in M 13 cloning experiments and was maintained as

described in Part (2) -

GROWTH MEDIA

(1) KyT broth for growth of E. coLí MRE 600 contains per

litre of water; 5.6 gm KHrPOnr 28-9 gm KrHPOnr I0.0 gm yeast

extract, 15 g thiamine, ánd glucose at IU (w/v) by adding 50

mls of 2Oz (w/v) glucose after autoclaving.

(2',) Growth media for B. amuLoLiq uefaeiens

(a) culture med.ium: The culture medium contained 34 mM

(NH4) 2HPO4, 1 mM MgSOn, 5 mM KCl, 4.25 mM sodium citrate,

0.I25 mM CaCLr, 0.0125 mM ZnSOn, 0.5 M FeCIr, 0'596 (w/v)

Bacto casamino acids or acid hydrolysed casein, 0.054 (w/v)

Bacto yeast extract (Difco) , trace metal solution (0.25 nI/

litre) and LZ (w/v) maltose- The medium was adjusted to pH

7.3 with H3PO4 and sterilised by autoclaving. Maltose was

autoclaved separately and was added just before use. The

trace metal solution contained 0.5 mg cocIr.6H2O, 0.5 mg

ammonium molybdate, 5.0 mg MnClr.4H2O, and 0.0I mg cuson'5H2Or

dissolved in 1 litre of water.

(b) lrlashed-cell suspension medium: The washed-cell

suspension medium was the same as the liquid-growth medium

except that FeCI, and yeast extract were omiÈted thereby

limiting ceII growth. The medium was prepared with either

"high casamino acids" (0.52 w/v) or "Iow casamino acids"

( 0. 025% w/v) .

(c) Protoplast medium: Protoplast medium (PMC)

(NH4) 2 HPOA, 5 mM KCI' 4.25 mMcontained 25 mM Tris, 3.8 mM

sodium citrate , 0.I25 rnM CaCI2' 0.0125 mIvI ZnSO 4', 0.0252 (w/v)
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casamino acids, 0.25 ml/Iitre of the trace metal solution

described for the liquid-growth medium, 1 mlvl I,lgSOn , L*

fu/v) maltose and 222 (w/vl ribonuclease-free sucrose

(schwartz-Mann, orangeburg, N.Y.) adjusted to pH 7.3 with

HCl.

(3) Luria (L) broth, for growth of E. eoLi IvtC1061' contains

per litre: I0 g Bacto-tryptorr: (Difco), 5 g yeast extract

(Oifco), 10 g NaCl and the pH adjusted to 7.2 wíL}¡ NaOH'

Where appropriate, the media was supplemented \^rith ampicillin

(50 rg/ml-) or tetracycline Qo uglml).

(4) Growth media for E. eoLi JMI-01-

(a) I4inimal s alts media, contains per litre: 10.5 g

K2H9O4, 4.5 g KHrPO4r t.o g (NH4) zsol, 0.5 g Nar-eitrate,

supplemented after autoclaving with I mI of 202 Mgso*, 0-5 mI

of l-eo thiamine-Hcl and t0 ml of 202 glucose'

(b) 2 x TY broth contains per litre: 16 g Bacto

tryptone (Difco), I0 g yeast Extract (Difco), and 5 g NaCl.

(5) Agar ptates were prepared by supplementing the above

media with 1.5? Bacto agar (Difco). O.7eo agiar was used for

preparing soft agar overlays. A1I media was made sterile

by autoclaving.

ANTIB;tOTTCS

Rifampicin and ampicillin were from Sigrma Chemical Co.,

chloramphenicol from Parke Davis & co. ' sydney, Australia,

Tetracycline from UPJOHN Pty. Ltd., and' sodium azide from

BDH Laboratories.
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ISOTOPICALLY I,ABELLED CO}IPOUNDS

L- t35Sl -metnionine (1200 Cirlmmol) was from the Radio-

chemical Centre, Amersham England. -Î32p1-aCfp (1500 Ci/

mmol), o[32n]-aorn (1500 cilmmol), *[32p]-dcrP (1500 ci/

mmol), *[32p]-dcrp (1500 cilmmol) and yl32pl-aerp (2000

Cirlmmo1) were from Biotechnology Research Enterprises, S.4.,

Australia.

ENZYMES

Lysosyme was three-times crystaltised from egg-white

and was supplied from Sigrma Chemical Co. RN'ase A was from

Sigma Chemical Co. and was rendered DN'ase free by heating

stock solution in water at BOoC for I0 min. Restriction

enzymes hrere from New England Bio1abs. Micrococcal nuclease

(Staph. qureus) and T4 polynucleotide kinase r^¡ere from

Boehringer Ivlannheim. Reverse transcriptase (RNA-dePendent

DNA polymerase) was from Molecular Genetics Resources Inc.

T4 DNA ligase was from Boehringer Mannheim. creatine

phosphokinase (rabbit muscle) was from Sigma Chemical Co.

E. coLi-DNA-polymerase It Klenow fragment was from Boehringer

Þlannheim.

SYNTHETIC DNA OLIGONUCLEOTIDE PROBE MIXTURES

The two synthetic DNA oligonucleotide probe mixtures,

14-mer I and 14-mer 2 (described in chapter 5, Figure 5.1),

were obtained from New England Biolabs and Biotechnology

Research Enterprises (e.n.E.S.A' ) South Australia, Australia

respectively. Custom synthesis for B.R.E.S.A. rlrras performed

by Dr. D.C. Skingle.
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DETERGENTS

Brij-58 (polyoxyethylene cetylether) and SDS (sodium

dodecylsulphate) were obtained from Sigrma Chemical Co.

Sodium deoxycholate was from BDH Chemicals.

REAGENTS FOR T/i/ VITRO SYNTHETTC REACTIONS

All nucleotide triphosphates and deoxynucleotide

triphosphates, Creatine phosphate (disodium salt) and DTT

(dithiothreitol) were from Sigma Chemical Co. L-LzC-amino

acids were from Mann Research Labs., Inc., N.Y. E. coLi

transfer RNArs (IRNArs) wer:e from the Grand Island Biological

Co., N.Y. Hepes (N-2-hydroxy-ethylpiperazine-Nr-2-ethan-

sulphonic acid) Ì^ras from Sigma Chemical Co.

OTHER REAGENTS

Crystalline Tris as "Trizma" base, reagent grade and

2-mercaptoethanol were obtained from Sigma Chemical Co.

TEMED (NrNrN' rNr-tetramethyethylenediamine) was from Eastern

Kodak Co. PIPES and calf thymus DNA were from Sigma Chemical

Co. and Ammonium persulphate from British Drug Houses

(Australia) Pty. Ltd., Victoria. PI,ISF (phenylmethyl sulphonyl

fluoride), acrylamide and bis-acryalmide (N',N'-methyl-

enebisacrylamide) \^rere from Sigma Chemical Co. Other

chemicals \^rere routinely obtained from Ajax Chemicals Ltd.,

and BDH Chemicals Ltd., and were of A.R. grade or of the

highest available purity.
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SCINTILLATION FLUID

Scintillation fluid contained 3 g of 2'S-diphenyl

oxazole (PPO) and 0.3 g o 1,4-bis-12-(4 methyl-phenyl

oxazolyl) lbenzene (POPOP) per litre of toluene. PPO and

POPOP were supplied by the Packard Instrument Co., Ivlelbourne,

Australia.

BUFFERS AND MEDIA

Doub1e-distilled water was used throughout except

that liquid growth media \^tere prepared with mono-distilled

water. The second distillation was from an all-gIass

apparatus. Solutions v/ere sterilised by autoclavitg, except

where labile chemicals \^¡ere involved in which case filtration

through Millipore filters was used.

DTALYSTS TUBING

This was cleaned and made RN'ase-free by boiling in

d.istilled water, in 0.1 M NaHCO3, twice more in distilled

water, once in I mM EDTA, once more in distilled water, and

finally washing in distilled water. Tubing hTas kept in the

appropriate buffer if to be used immediately or in 1 mM

EDTA if to be stored at 4"C.

BUFFER SATURATED PHENOL

This was prepared by vigorously mixing equal volumes

of redistitted phenol and 0.I M Tris-CI, pH 9.5,5 mM EDTA.

The saturated phenol phase was stored at 4oC.
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GLAS'SIiIARE AND' GENERAL EQUIPMENT

All glassware and equipment where necessary was alkalí

washed (in I N KOH, to minimise RNA'se contamination),

rinsed well with double-distilled water and where possible

sterilised by dry heat or autoclaving.
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2.2 METHODS

THE E. eoLi CELL-FREE TRANSLATION SYSTEIVI

Preparatio nofE eoLí S30 ce1l-free extracts

S30 cell-free extracts of E. eoLí MRE600 were prepared

by a modification of the procedure by Zubay (1973) as

determined by Gunn (198I) and Bawden (1979) '

(a) Growth of the organism

Ten 2L flasks each containing 500 mls of KYT broth $Iere

inoculated with 2 m1s of an overnight culture of E' coLi MRE600

and grown at 3OoC with continuous aeration for 3 - 5 hours

until 4600 nm \^7as in the range 0.5 0.6 (early log phase of

growth). ceII growth was stopped by addition of the cultures

to 2 L of ice and the cells harvested by centrifugation

(1o,0o09lI0min).Thetotalcellpelletwasstoredat

-B0oC untit used.

(b) S30 preparation

All operations unless otherwise stated were carried out

at 0 - AoC.

(1) 10 gms of frozen cells (wet weight) were allowed to

thaw at 40c, resuspended in 100 mls of Buffer A and centrifuged.

The pellet was resuspended in a further 30 mls of Buffer A and

recentrifuged. The cells were then resuspended in 15 m1s of

Buffer B and lysed by passage once through a pre-chilled

alkali-washed French Pressure CeIl at 6000 p.s.i. QS ¡1 I M

DTT was present in the collection tube to maintain reducing

conditions). AIl procedures following cell lysis \^7ere

carried out in light-protected vessels. The lysate was

centrifuged at 30,000 g for 30 minutes and the upPer 2/3 3/4
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volume of the supernatant kept as the S30 fraction.

(2') Pre-incubation of the S30: The S30 fraction was

pre-incubated for 80 min at 37"C with gentle agitation at 30

and 60 min after addition of the appropriate amount of pre-

incubation cocktail.
(3) Dialysis of the S30: The pre-incubated S30 fraction

was then dialysed for 4 h at 4"C against 3 L of Buffer C

(three 1 L changes of buffer with 6 mM 2-mercaptoethanol being

replaced by 1 mM DTT in the final buffer change) - After

dialysis, 200 UI atiquots were stored at -80oC ready for use

in translation assays. The concentration of protein in these

S30 extracts was 30 35 mgrlml as determined using the method

of Lowry et aL. (1951). 20 uI of S30 was used per 50 ul assay

(after nuclease treatment) as described be1ow.

(4) Nuclease treatment of the S30: Immedj-ate1y prior

to use in the translation assays, each 200 yl aliquot of S30

was treated with micrococcal nuclease as follows. To 200 yl

of s3o (thawed on ice) was added 8 uI of 0.1 M cacL2 and 32 ul

of a L mg/mL solution of micrococcal nuclease- This was

incubated for 5 min at 37"C after which was added 8 Ul of

0.1 M EGTA, and this treated S30 then dispensed immediately

into the translation assAYS.

Solutions for E. eoLi S30 extract preparation

(1) Buffer A - 10 mM Tris-acetate, PH 8.2, 14 mM Mg-acetate,

60 mM KCI, 6 mM 2-mercaptoethanol.

(2') Buffer B - As Buffer A except I mM DTT replaced the

2-mercaptoethanol.

(3) Buffer C - As Buffer B with 60 mll K-acetate replacing

the KCl and DTT or 2-mercaptoethanol being used as indicated
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in Methods.

These buffers r^rere prepared on the day to be used by

diluting an appropriate 10 x stock solution, adding the

appropriate amounts of DTT or 2-mercaptoethanol and adjusting

the pH with glacial acetic acid.

(4) pre-incubation cocktail contained per t0 mI of s30

extractì 0.460 mI 2 YL - Tris-acetate, PH 8.2, 0.010 ml 1M

DTT, 0.030 mI I M Mg-a'cetate, 0.020 mI 5 mM amino acids

(stock solution of combined amino acids) ' 0.075 mI 0.1 M ATP'

0.200 ml 0.5 M creatine phosphate, 0-050 nI of 10 mg/ml

creatine phosphokinase.

Solutions ( 1) ( 4 ) \^¡ere prepared using double-distilled '

deionised sterile water.

Construction and I ncubation of in uitro reaction mixtures

(the E. coLi ce ll-free translation sYstem)

The translation assays contained in a final volume of

50 UI: 20 pl of nuclease treated S30 fraction' 2 mM ATP'

0.25 mM GTP, 10 mM creatine phosphate, 40 vg/mL of creatine

phosphokinase, 3 mM DTE, 20 mM Hepes (pH 7.61 , 60 mM NH4C1,

7.5 mM Mg acetate, 200 pg/ml of E. eoLi tRNArs, 100 Vg/mL of

folinic acid, 3l pM unlabelled amino acids (minus methionine),

4 UM unlabelled methionine, I0 pcit35Sl-rn"thionine and RNA

from B. amyLoLíquifaeíens as specified in the figure legends.

The assays \4tere incubated at 37oC for 20 min and prepared

for electrophoresis as described be1ow.

Preparation of tr anslation products for electrophoresis

Several procedures have been used in the preparation of

translation products for electrophoresis including TCA

precipitation and acetone Precipitation (Bawden, L979) . In
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the present work the following procedure was found to give

the best results.

Immediately following incubation, the assays (so uI)

were made to 1OO uI in SDS gel loading buffer, (0.0625 I{

Tris-Hcl, pH 6.8, 2Z SDS, 10% glycerol, 0.001å Bromophenol

blue , 52 2-mercaptoethanol ladded fresh] ) by addition of

50 pI of 2 X stock buffer, and boiled for 3 min. unless

otherwise mentioned, 20 p1 of the samples were electrophoresed

immediately on SDS-polyacrylamide gels as described below'

Following boiling, if required, storage of samples at -20"c

prior to electrophoresis was satisfactory'

SDS-Polyacrylamide gel electr ophores is and fluoro raphy

I. L2.5e" slab gets rtrere prepared by the method of Laemrnli,

(1970) which incorporates a stacking ge1 (3% acrylamide, 0'19

sDS, 0.L25 M Tris-HCl, pH 6.8) over a separating gel (12.5*

acrylamide, 0.1% SDS, 0.375 M Tris-HCl, PH 8'8) ' The

dimensions of the stacking gel were 1.5 cm x L4 cm x 1'5 mm

and those of the separating gel 9 cm x L4 cm x 1.5 mm- A

sealing ge1 (f cm x L4 cm x 1.5 mm) was always used beneath

the separating ge1. The pH and acrylamide step-gradients

thus formed produced good separation of the proteins into

tight, distinct bands-

After loading the samples, electrophoresis was Performed

at 45 mA until the tracker dye reached the separating gel'

(generatly 40 min), and then continued at 110 v until the

tracker dye entered the sealing 9e1. During this period

(about 3 h), the current dropped steadily to about 10 mA.

After electrophoresis, the gels were kept overnight in

300 m]s of a fixative solution of IQt (v/v) acetic acid'
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108 (v/v) isopropanol and then processed for fluorography.

2. Fluorography was performed essentially as described

by Bonner & Laskey 0974). After fixation overnight the

geJ-s were soaked for 60 min in DMSO (two 300 mI volumes'

30 min each) to remove the water, followed by 3 h in I00 mls

of a 1.5U (w/v) PPO, 252 (w/v) naphthalene solution in DIIISO.

The gels r^rere then soaked for 90 min in three changes of

water to precipitate the PPO/naphthalene in the 9e1, after

which they l^¡ere dried down onto 3 mm Whatman paper using a

slab gel dryer (Hoefer Scientific Instruments). Unless

otherwise mentioned in the text, the gels v¡ere autoradio-

graphed at -80oC overnight.

3. To estimate t35sl-methionine incorporation into TCA

precipitable material in the transtation assays, 5 pl of

each gel sample was pipetted into I mt of cold 10% (w/v)

TCA containing O. 5å fu/v) methionine and 5 UI of 103 (w/v)

BSA as carrier. This was allowed to stand on ice fôr 15

min and then heated at 90 95oC for 15 min to hydrolyse

aminoacyl-tRNA's. After a further 30 min on ice the TCA

precipitates rtrere collected onto GE/A filters using the

Mil1ípore suction apparatus, washed 5 times with 5 mls of

10? (w/v) TCA, 0.58 (w/v) methionine, the filters dried

under a heat lamp and counted by liquid scintil-lation.

t3sslPreparation of -methionine labelled culture supernatant

proteins of B. amuLoLíq uífaeiens

The t35sl -methionine labetled culture supernatant

protein markers of B. amALoLiquifacíens used in Chapters

3 and 4 were prepared as described below.

20 mls of B. amaLoLíquifaeiens LF-culture (oD600 nm
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= 3.6) was centrifuged T4,000 r.P.m.r 3.5 min' IISE bench

centrifuge) and the cell pellet washed twice by resuspension

in low amino acids medium. I0 mIs of the final resuspension

was placed in a I00 m1 conical flask and 60 pcit35sl-*"thionine

(1200 Ci/mmol) added and the suspension incubated at 30oC for

45 min with viqorous shaking (360 o.p.m.). The cells \^lere

then pelleted and I g of TCA dissolved in the culture super-

natant which was kept on ice for a further 45 min to precipitate

the protein. The precipitate $las pelleted by centrifugation

(15 min , 4,500 r.p.m., MSE bench centrifuge) and washed twice

to remove unincorporated label by resuspension in 2 mls of

t0? (w/v) TCA, 0.05U (w/v) methionine. The TCA was removed

by washing in 90? @/v) ethanol (¡ x) and then ether Q x) .

The precipitate was air dried and finally dissolved in 400 p1

of sDs gel loading buffer (0.0625 M Tris-HCI, PH 6.8, 2Z

sDS, 10% glycerol, 0.0018 Bromophenol blue, 5% 2-mercapto-

ethanol ladded fresh] ) and boiled for 5 min. 20 ut of this

culture supernatant protein preparation, when electrophoresed

on an SDS-polyacrylamide 9e1, gave readily visible marker

bands after overnight autoradiography.

PREPARATION OF RNA FROM BACTLLUS AMYLOLISUTFACIENS

RNA was routinely prepared from 120 mIs of culture using

an extraction proced.ure employing guanidine-hydrochloride

as detailed below.

The cell pellet from 120 mls of culture was resuspended

in 10 mls of solution Gl at Aoc (6 ¡l guanidine-HCl , 0.2 ItL

sodium-acetate, pH 5.2, 5 mlvl 2-mercaptoethanol) and the

suspension passed through a chilled French Pressure CeI1 at

L2,O00 p.s.i. The lysate was homogenized with an equal
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volume of 952 ethanol (redistilled) using a Dounce glass

homogenizer, and stood at -20"C for one hour. The mixture

was then centrifuged for 20 minutes at 14 K, 4"C (Sorval

SS-34 rotor) and the pellet homogenized in 6 mls solution

G2 at 4"C (O M guanidine-HCl , 0.2 IvI sodium-acetate, PH 5-2,

10 mM EDTA, 5 mM 2-mercaptoethanol). After homogenj-zj,ng

again with an equat volume of 952 ethanol the mixture was

stood at -20"C for a further one hour, and then recentrifuged.

The petlet was homogenized. in 3 mls Urea solution (l M urea

lrecrystallised], 0.2 M Tris-HCI, pH 8.5, 0.1 mIvI EDTA, 0'IZ

sDS) at room temperature and extracted twice with equal

volumes of buffer saturated phenol and chloroform, making

the aqueous phase to LZ SDS (w/v) for the second extraction.

The aqueous phase \^las finally extracted once with an equal

volume of chloroform, made to 0.1 M K-acetate, pH 5.0 and

the RNA precipitated at -20oC overnight in the presence of

two volumes of ethanol. The precipitate was pelleted by

centrifugation at 10 K for 20 min, resuspended in 5 mls

2 M LiCl and. recentrifuged. The pellet was again resuspended,

in 5 m]s 7OZ ethanol-3O% 0.I M K-acetate, pH 5.0, centrifuged

again, dried under a light stream of nitrogen gas and the RNA

finally dissolved in sterile glass-distilled water and stored

in aliquots at -80"C.

Optimisation of the apparent Protease nRNA pool of B

amuLoLiq uifaciens

Preparation of RNA from B. amyLoLíquífaeíens cells with

a minimal or high apparent protease mRNA pool required

optimisation of cell cultures for these two sets of conditions

and was carried out as described by Love (1981) as detailed
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below.

(a) Growth of the cells

Culture medium was inoculated with a platinum loop from

a suspension of spores of LF- strain B. anyLoliquifaeiens

and incubated at zo"c under sterile conditions in an orbital

shaker (Modet 46L, Paton Industries, S.A') at 300 350

cycles per min. Cultures were harvested at ooà03*rr* = 3'6,

which corresponds to late-logorithmic phase (approximately

72 h after inoculation).
(b) Incubation in hiqh amino acids suspending medium

The cells from 240 mls of late-Iog phase culture were

harvested, washed by resuspension and centrifugation (twice)

at 3O"C with high amino acids suspending medium. After final

resuspension in fresh medium the cells rltlere shaken in 40 ml

lots in 250 mI conical flasks at 30"C in an orbital shaking

water bath (Mode1 OWLAL2, Paton Industries, S'A') at 380

cycles per minute for 75 minutes.

At this point cells from 120 mls of culture were

harvested and the RNA isolated. Cells at this stage have a

minimal- apparent protease mRNA pool and the RNA isolated is

designated 75 Haa RNA (nefer to Chapter 3)'

(c) Incubation in low amino acids suspending medium

ceI1s from the remaining 120 mls of culture were

harvested, washed, and. incubated as in (b) in low amino

acids suspending medium for 60 min.

Cells at this stage have an apparent protease pRNA pool

approaching its maximal level, and the RNA isolated is

designated 60 Laa RNA.
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Ge I Electrophoresis of RNA

Electrophoresis of RNA for analytical or preParative

purposes t ot for transfer, was carried out using vertical

slab gels (14 cm x L4 cm x 0.3 cm) containing I3 (w/v)

agarose and 5 mM methylmercury hydroxide. Electrophoresis

buffer consisted of 50 mlvl boric acid, 5 mM Na-tetraborate'

10 nM Na2SO4, PH 8.2, and the RNA samples were loaded in a

solution composed of the electrophoresis buffer, 102 (w/v)

gtycerol, 5 mM methylmercury hydroxide, 0.00I% Bromophenol

blue and O.OOI% xylene cyanol. Electrophoresis was carried

out at 50 mA for about 3 h and the RNA visualised by staining

with o.o2* (w/v) ethidium bromide and examination under uV

tight.

Methylmercury hydroxide is toxic and therefore all

operations htere carried out in a fume hood, using gloves'

and the methylmercury neutralised as-soon as practicable by

immersion of all equipment in a solution of I mM 2-mercapto-

ethanol. Equipment was treated to minimize ribonuclease

contamination as described in Materials.

GRADIENT ANALYSIS OF RNA

(a) Sucrose qradient analysis of RNA

Linear density gradients of 10 402 (w/v) sucrose in

TEN buffer (20 mM Tris-HCl, pH 8-5, 100 mM NaCI and I mM

EDTA) were prepared using a gradient former. The sucrose

solutions were prepared using stocks of 50? fu/v') ribonuclea.se-

free sucrose, 5 times concentrated TEN buffer and sterile

glass-distilled water. The gradients \^Iere centrifuged at

4oC in a Beckman L265t^ ultracentrifuge (SW¿t rotor) for the
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times and speeds indicated in the figure legends. A254

profiles were obtained using an Isco density gradient flow

cell, and fractions were collected manuatly. The RNA samples

were in TEN buffer. To check the intactness of the RNA,

samples were dissolved in TEN buf f er containing 0 '22 (w/v) .SDS

and heated at 6o"c for 2 min before loading on to gradients.

(b) Sucrose ,/formamid eg radient analysis of RNA

Linear density gradients of 5 - 252 (w/v) sucrose in

7oz (v/v) formamide, 3 mM Tris-HCI, pH 7.6, 3 mI\,I EDTA' were

prepared using a gradient former. The gradients \^¡ere cent-

rifuged on a Beckman LB-70 ultracentrifuge (sw41 rotor) at

2OoC for the times and speeds indicated in the figure legends.

A2B0 profiles hrere obtained using an Isco density gradient

flow ceII, and fractions \4tere collected manually. The RNA

samples \^¡ere incubated at room temperature for 5 min in the

presence of methylmercury hydroxide (5 m¡l final concentration)

just prior to loading on the gradients'

(c) Recove of the RNA from adient fractions

To recover the RN.& gradient f ractions were made to 0.I M

K-acetate, pH 5.0, two votumes of ethanol added and the RNA

precipitated overnight at -2ooc. The RNA was pelleted (by

centrifugation at 10 K, 20 min, sorvall SS34 rotor), dissolved

in 4 mls of sterile glass distilled water and reprecipitated.

The final RNA peIlet was rinsed in 7oz (v/v) ethanol, dried

under vacuum, dissolved in a small volume of water and stored

in aliquots at -80oC.

Transfer of RNA to ni trocellulo se (Northern analysis)

RNA fractionated in 1ã agarose/methylrnercury gels was

transferred to nitrocellulose using a Procedure based on that

of Thomas (1980).
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After running the ge1s, to reduce the salt concentration

in the gel prior to transfer, and to neutralise the methyl-

mercury, the ge1 was soaked twice for 40 min each in 200 mls

of 10 mM Na PO4, pH '7 .O ' 5 mM 2-mercaptoethanol at room

temperature, twice for 10 min in 200 mls of 10 mM NaPO4' PH

'7.0, 7 mlvl iodoacetic acid, and finatly twice for 5 min in

200 m1s of 10 mM Na POn, PH 7.0. The gel was then placed on

2 sheets of Whatman 3 mm paper saturated with 20 X SSC (1 X

SSC = O.t5 M NaCl, 0.015 M Na citrate), and gladwrap placed

around the edges of the gel. Nitrocellulose (Gene Screen

hybridisation transfer membrane' cut to the appropriate size

and preboiled) was placed on top of the gel and covered with

2 sheets of dry whatman 3 mm paper and paper-towels to a

thickness of about 3 cm, and weighted down. Transfer was

allowed to proceed overnight at room temperaturet after

which the nitrocellulose was air dried and baked 2 h at B0"C

under vacuum prior to use in hybridisation experiments'

HYBRID -SELECTION TRANSLATION PROCEDURE

Clones r^rere characterised by hybrid-selection translation

(Chapter 4') using a procedure based on those of Ricciardi

et aL. (L97g) and P.ozzoní et aL. (1981) as described below.

(a) Preparation o f nitrocellulose filters

Millipore nitrocetlulose filters (type GS, 0.22 um)

were boiled three times in sterile glass-distilled water'

40 Ug of plasmid DNA of each clone was boiled 5 min in 0'5 ml

of 0.15 N NaOH, neutralised with 50 UI of 1.5 N HCI and

diluted to I0 ml in 2 M NaCl. The DNA was loaded onto filters

rinsed in 2 M NacI using a Millipore suction apparatus (gentle
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suction), and. the filters washed twice more with 10 ml of

2 M NaCl. The filters \^7ere air dried and baked at 80"c

under vacuum for 2 h-

(b) Hybridisation with B. amuLoLi quifacíens RNA and washing

of filters

The filters were hybridised at 5ooc for 2 b in Eppendorf

tubes, with 2OO UI of a hybridisation solution composed of

10 mM PIPES NaOH, pH 6.4,0.4 M NaCl, 0.2å SDS, containing

toO ug of 75 Haa RNA of B. amyloLiquífaciens. After hybrid-

isation, the hybridisation solution was aspirated and the

filters washed 10 times with 0.5 mI of I x ssc' 0-22 sDS

at 6ooc and then 2 times \^/ith I mI 0.2 x ssc, 0.2? sDS at

60oC (no SDS in second wash) - The filters were then

incubated 5' at 5O"C in I mI of 20 mM Tris-acetate, PH 7'6,

5 mM NaCl, 2 mM EDTA as a final wash.

(c) Elution and recovery of bound RNA

RNA remaining bound to the filters was eluted by adding

0.5 ml of boiling sterile gtass-distilled water and maintaining

the heat for 2 min. The water was taken into a fresh tube,

freeze dried to reduce the volume to about 50 pI and the RNA

precipitated overnight at -BO"C after addition of 3 UI of 2l'4

K-acetate, pH 5.0, and I50 uI ethanol. The RNA was pelleted

by centrifugation (30 min, Eppendorf microfuge, 4"c) , rinsed

with 7OZ ethanol, dried under vacuum and finally dissolved

in 10 uI of water for immediate translation'

(d) Translation of the RNA

The eluted RNA was translated as described previously

in the E. eoLi celI-free system and the translation products

analysed by sDS-polyacrylamide gel electrophoresis and
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fluorography, âs indicated in the figure legends.

PRNPARATION OF ANTI-4T,1(ALINE PROTEASE A}¡TI'SERA

Antisera to pure alkaline protease of B. amyLoLiquefaeiens

(OrConnor, personal communciation) was raised in rabbits by

injection of I mg of antigen mixed with an equal volume of

Freunds complete adjuvant, into 4 subcutaneous sites. Booster

injections of 0.5 mg antigen were given 7 days and 21 days

after the initial injection. 4 days later, blood was collected

by bleeding at the ear. After clotting at 37oC for I h, the

clot was allowed to contract for L2 h at 4oC, and the clear

serum carefully collected and made to 0.1? sodium azide. The

serum \^ras tested against the pure antigen using standard

ouchterlony immunodiffusion techniques and used in immuno-

precipitation experiments without further purification.

Immunoprecipitation trials

Immunoprecipitation trials using the alkaline protease

antisera, \^rere carried out using a procedure based on that of

tr{atsuura et aL. (198I) . t35Sl -methionine labelled samples

were made to t mI in immunoprecipitation buffer (50 mM Tris-

Cl, pH 8.0, 0.15 M NaCI, L'o triton X-100' LZ deo*ycholate,

1 mM EDTA). Antisera (10 pI or 20 UI) I^¡as added and the

samples incubated 15 min at room temperature' then overnight

at 4oC. Immunoprecipitates were collected by adsorption to

S. au?eus cells based on the method of Kessler (1975).

S. q,ureus cells (Cowan I strain) were purchased from C.S.L.

Laboratories, Ivlelbourne r Australia, and washed thoroughly

in immunoprecipitation buffer prior to use. The washed

cells \^rere finally resuspended as a I0E suspension
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and 100 ul added to the immunoprecipitation mixtures'

Incubation was allowed to proceed for I h at 4"C' The

s. a.uyeus cells were pelleted by centrifugation (10r000 xg

for 2 min) and washed twice in immunoprecipitation buffer.

The pelteted cells were then resuspended in 50 ¡tt of SDS-

polyacrylamide gel loading buffer and heated at I00oc for 2

min. After centrifugation, the supernatant was analysed by

sDS-polyacrylamide gel electrophoresis as described previously.

PREPARATION OF B. AMY L O L T 8U T F AC IEli/,9 DNA

, chromosomal DNA of B. amyLoLíquífacíens was prepared

using a modification of the procedure of l'larmur (1961) as

described below.

240 mls of B. amyLoLiquifaeiens LF- culture (oo600 = 3.6)

\^rere converted to protoplasts by incubation in the presence

of lysosyme (t8O Vg/mI final concentration) for 25 min in

protoplast mediumr âs described by Love (198I). The proto-

plasts r^/ere collected by centrifugation (B'000 x9, 5 min,

MSE centrifuge) and resuspended in 10 m1s of a solution of

10 nM Tris-c1, pH 8.0, 10 mM NaCl, 10 mM EDTA, 0.52 (w/v)

SDS containing protease K at a final concentration of 50 Vg/mL'

This was incubated with gentle shaking at 37"C for 2 h, and

then extracted three times with buffer saturated phenol' DNA

r^ras precipitated from the aqueous phase overnight at -20"C

after addition of 0.1 ml of 3l"f Na-acetate, PH 5.5 and two

volumes of absolute ethanol. The DNA was pelleted by cent-

rifugation (14 K, 30 min, Sorval SS34 rotor) and dissolved

in 1X SSC. To digest RNA, DNA'se free RNATSe was added

to a final concentration of 20 tg/ml and the solution

incubated at 37"C for 2 h. The phenol extractions v¡ere
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repeated and phenol removed by a final extraction with

chloroform prior to ethanol precipitation again. The DNA

v¡as stored at -zOoC as an ethanol precipitate in aliquots

of 500 ug. Prior to use, the DNA was petleted, washed with

7OZ (v/v) ethanol and then absolute ethanol, dried under

vacuum and dissolved in the desired volume of 0.1 mM EDTA'

Material in use was kePt at 4"C.

CONSTRUCTION OF COLONY LIBRARIES OF B, AMYLOLTSAIFACTENS

DNA IN ¿'. coLl

(1) PreparationofpB R322 plasmid vectors

In the work presented in this thesis two plasmid vectors

\^/ere used ¡ BamHT digested pBR322 and HindIIf digested pBR322.

These h¡ere prepared as follows; 5 ug of plasmid DNA was

digested in a 20 UI reaction containing a four fold excess

of the appropriate enzyme for 3 h at 37oC. Digestion was

checked by running 0.5 pI of the reaction mix on an agarose

miniget. To prevent self-ligation of the vector, the 5r

terminal phosphate groups of linear molecules were removed

by a further incubation for I h at 37"C after addition of

166 pI of water, 2 pl of I M Tris-Cl, pH 9.0 and I0 pI (5

units) of calf intestinal phosphatase. Following this

incubation the reaction \^/aS phenol extracted and ethanol

precipitated. The DNA was finally electrophoresed on a

preparative low melting temperature agarose minigel. A

geI slice containing linear DNA was excised from the gel and

the DNA extracted from the agarose as described later in this

Chapter. The vector DNA was finally dissolved in 0.1 mM EDTA

at a concentration of 50 ng/VL for use in tigation and trans-

formation experiments. For short term use aliquots of the
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Vector preparations were stored at 4"C and at -20oC for

Iong term storage.

(2) Liqation reactions

B. amyLoLiquifaeiens DNA prepared as described in the

text was tigated into the restriction site of the appropriate

pBR322 plasmid vector in 10 Ul reactions containing 50 ng

of vector DNA, an equimolar amount of B. amALoLíquifaciens

DNA, 50 mM Tris-CL, pH 7.5, I0 mlvl M1CI2' 1 mM DTT, 1 mM

rATp and I unit of T4 DNA ligase. The reactions were incubated

at 4"c for from L2 to 24 h. A control ligation with no

added B. amyLoLiquifaciens DNA was included to determine

background leve1s.

(3) Transformation of E. coLi

E. coLi strain MC1061 (see Materials) \^las grown over-

night at 37"c in Luria broth and then diluted L/50 into

fresh Luria broth and grown to an 4600 of 0.6 0.8. The

cells were chilled on ice for 30 min, pelleted by centrifugation

and resuspended in L/2 volume of ice-cold 0.1 M MgC12. The

cells were pelleted immediately and resuspended in I/20Lh of

the original volume of ice-cold 0.1 M CaCL2. The cells \^lere

kept on ice for at least one hour. 0.2 mI of these competent

cells was added to 0.1 mt of the ligated DNA (aliquots of

2 - IO ul) in 0.1 M Tris-c1, pH 7.4 and stood on ice for 30

min with occassional stirring. The cells hTere heat-shocked

at 42oC for 2 min, kept on ice for a further 30 min and then

warmed slowly to room temperature. 0.5 ml of Luria broth

r4ras added to the transformed cells and incubated at 37"C for

20 min. The transtoþa cells v/ere mixed with 3 mls of O.7Z

L-agar and plated on 1.5? L-agar plates containing the

appropriate antibiotic (50 Vg/mI of ampicillin or 20 Vg/mI
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of tetracycline). These were incubated overnight at 37"C.

DETECTION AND EXA¡ÍINATION OF RNCOMBINANT TRANSFORMANT

COLONIES

(1) Ordered colonv screening

Nitrocellulose fitters for screening colonies in an

ordered array (Chapter 4) were prepared essentially as

described by Grunstein and Hogness (1975). Colonies from a

transformation were transferred by toothpick to a master

plate and to a sheet of nitrocetlulose that had been boiled

three times in distilled water and laid onto an L-agar plate

containing the appropriate antibiotic. The colonies were

grown overnight on the nitrocellulose at 37"C, and the colonies

lysed by transferring the nitrocellulose sequentially onto

3 mm paper saturated with 0.5 N NaOH for 7 min, I M Tris-Cl,

pH 7.4 for 2 min, I M Tris-CI, PH 7.4 for 2 min and and

I.5 M NaCl, 0.5 M Tris-Cl, pH 7.4 for 4 min. The nitrocellulose

filter was washed in 95e. ethanol and then baked at 80oC,

under vacuum , for 2 h. Hybridisation and \^Tashinq condítions

were as described to foll-ow-

(2) Hiqh density colony screening

Nitrocellutose filters for screening colonies at high

density (Chapter 5) r^rere prepared essentially as described

by Hanahan and Meselson (f980). Colonies from a transformation

were transferred to a nitrocellulose filter by gently over-

laying the nitrocellulose onto the original p1ate. Careful

removal of the nitrocellulose resulted in transfer of cells

to the nitrocellulose while enabling regrowth on the original

plate. The colonies htere grown for several hours on the
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nitrocellulose after placing the filter on a fresh L-agar

platecontainingtheappropriateantibiotic,untilsmall

colonies were apparent. The nitrocellulose was then placed

on a fresh L-agar plate containing 2oo vg/mL chloramphenicol

and incubated overnight at 37"c to amplify the plasmid DNA

of the recombinants. The colonies were lysed and prepared for

hybridisation as described in section (a) above.

(3) Preparation of qlvcerol stocks

Recombinant pBR322 clones in E. eoLi strain Mc1061 were

gro\{n overnight at 37"C in L broth containing the appropriate

antibiotic at 50 tg/mL final concentration. single 5 ml

cultures or 0.1 mI cultures in 96 well trays were used' After

growth, cultures were mixed I:1 with 80? (v/v) glycerol and

stored at -20oc or at '80oc for long term storage.

PREPARATION OF RECOMB TNANT PLAS¡4ID DNA

(1) I,Iini- rations of P lasmid DNAepa

Isolation of plasmid DNA from small cultures was carried

out as follows. I mI cultures of each recombinant were grown

overnight in L-broth containing the appropriate antibiotic

(50 vq/mI ampicillin or 20 vg/mI tetracycline). The cells

were pelleted by centrifugation for 2 min in an Eppendorf

centrifuge, all liquid media removed, and the cells resus-

pended in 50 uI. T.E.S. solution (25 mI{ Tris-cl, PH 8.0'

10 mM EDTA, 153 sucrose) containing lysosyme (freshly ad'ded)

to 2 mg/mL. The suspension was incubated on ice for 5 min

and then 100 uI 0.2 N NaOH, I8 SDS added, mixed gently and

kept 10 min on ice. 75 ul of 3 M Na acetate, PH 4.6 was

added, mixed gently and incubation continued on ice for 10
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min. The solution was centrifuged 5 min and the supernatant

removed to a fresh Eppendorf tube, I Ul of DNA| se-free

RNAtse A added (10 mg/ml stock) and. incubated at 37"C for 30

mj-n. After extraction twice with buffer-saturated phenol:

chloroform (1:1) and finally chloroform, the DNA was ethanol

precipitated at -80"C for 30 min in 3 volumes of ethanol.

The DNA was pelleted by centrifugation for 10 min, washed in

7OZ ethanol, 95? ethanol, dried under vacuum and finally

dissolved in tO pt of water. 2 VL of this preparation is

sufficient for DNA restriction analysis-

(2) Large sca Ie preparation of recombinant plasmid DNA

A single colony of E. eoLi containing the recombinant

plasmid was used to inoculate 5 mls of L-broth containing

the appropriate antibiotic (so vg/mL anpicillin or 20 vg/ml

tetracycline) and grown overnight at 37"C with vigorous

shaking to provide aeration. The overnight culture was

diluted 100-fold in fresh media and grown with aeration at

37"C to an 4600 of 0.6 0.8, at which time chloramphenicol

lras added to a final concentration of 200 vg/mI and incubation

continued with aeration at 37"C overnight.

The cells were pelleted by centrifugation (l-0'000 g for

10 min) and resuspended in 4 mls TS solution (50 mM Tris-Cl'

pH 8.0, 25e" sucrose) . I mI of 5 mg/m1 lysosyme in TS was

added, mixed in gently and the solution kept on ice for 5

min. 2 mls of 0.25 M EDTA, pH 8.0 was mixed in gently and

incubation continued on ice for 5 min. 8 m1s of detergent

solution (50 mM Tris-CI, pH 8.0, 1? BRIJ58,0-4å Na deoxycholate'

25 mM EDTA) vlas then added, mixed in gently by inversion of the

tube and kept on ice a further 10 min. The solution was then

centrifuged (18 K, 30 min, Sorval SS34 rotor) and the clear
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supernatant removed into a fresh container'

Caesium chloride (0.95 g/mL of supernatant) $¡as dissolved

in the supernatant and 20 p1 of 10 mg/ml ethidíum bromide per

ml of supernatant added. This solution was centrifuged for

44 h, 44 Kt 2O"C (Ti 50 rotor, Beckman L8-70 ultracentrifuge).

The tubes were punctured at the bottom and the lower band of

supercoiled plasmid DNA, (visualised by the ethidium staining)

hras collected. A second centrifugation was carried out if

required to remove nicked DNA. To remove the ethidium bromide

the solution containing the DNA was extracted with equal

volumes of isopropanol saturated with 5 M Nacl, I0 mM Tris-C1'

pH 8.5, 1 mM EDTA, until all pink coloration was removed.

The DNA was finally precipitated in 3 volumes of ethanol

twice, washed in '70eo ethanol | 952 ethanol, dried under

vacuum and. dissolved in a small volume of 0.1 mM EDTA for

storage at 4"C.

RES TRICTION ANALYSIS OF DNA.

AII restriction endonuclease digestion of DNA was carried

out using the conditions for the appropriate enzymes detailed

in the New England Biolabs catalogue. For analytical purposes

I ug of plasmid DNA or 5 ug of genomal DNA was digested in a

10 ¡.r1 reaction. After incubation, the reaction was made up

in gel loading buffer (2 M Urea, 2OZ sucrose' 5 mM EDTA' 0-0058

Bromophenol blue) by addition of 5 pI of a 3 x stock loading

solution, in preparation for electrophoresis. Preparative

restriction digests were carried out in large scale reactions

as specified in the appropriate figure legends. For digests

invorving more than one restriction enzltme' the enzymes viTere
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added together if digestion buffers v¡ere the same, ot if

different, the reactions vtere phenol extracted and the DNA

ethanol precipitated prior to incubation with the next

enzyme.

Aqarose Ge t electrophoresis of DNA.

Electrophoresis of DNA for analytical purposes or for

transfer to nitrocellulose was carried out using vertical

slab gels (I4 cm x 14 cm x 0.3 cm) or flat bed minigels

(poured on 7.5 cm x 5.0 cm glass microscope s1ideS containing

1% (w/v) agarose. Electrophoresis buffer consisted of 40 mM

Tris-acetate, PH 8.2,20 mM Na-acetate, I mM EDTA and electro-

phoresis was carried out at 60 mA (about 3 h for the slab gels

and 40 min for the minigels) DNA was visualised by staining

with O.O2Z (w/v) ethidium bromide solution for 15 min and

examination under UV light.

Transfer of DNA from agarose gels to nitrocellulose (South-

ern analvsis)

Restricted DNA fractionated on 1Z agarose gels was

transferred to nitrocellulose using the method of southern

(1975) , as modified by WahL et aL. (L979 ) using I M NH4-

acetate , O.O2 M NaOH for neutralisation and transfer as

recommended by Smith & Surruners (1980) ' as detailed below'

GeIs \^rere soaked in two changes of 250 nls of 0-25 14

HCt for IO min each. The acid was decanted and the 9e1s

rinsed briefly in distilled water. This process was repeated

using 0.5 M NaOH, 1 M NaCt, again rinsing in distilled water'

GeIs \^Iere neutralised in two changes of 250 mls 1M NH4-acetate,

O.O2 M NaOH for 15 min each. The gels were then placed on

top of two sheets of Whatman 3 l4lvl paPer saturated with I M
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NHn-acetate, 0.02 M NaOH, and Glad-wrap placed around the

gel. Nitrocellulose paper (cut to the appropriate size and

presoaked for 15 min in distilled water) was placed carefully
on top of the ge1 ensuring that no air bubbles are trapped.

Two sheets of dry 3 MM paper were placed on top of the nitro-
cellulose followed by two inches of Kreenex paper towel and

weight. Transfer of DNA to the nitrocellulose paper hras

allowed to proceed overnight. The nitrocellulose paper $¡as

finally baked 2 h aL 80oc under vacuum to bind the DNA prior
to hybridisation.

Preparation of Hínd.IIL d igested ). DNA markers

HindIII digested À DNA was used to provide markers of
known size in agarose ge1 electrophoresis. 20 Ug of À DNA

was digested in a 40 UI reaction with a four-fold excess of
HindIII for 3 h at 37"C. Digestion was checked by running

a 0.5 pI aliquot of the reaction mix on an agarose minigel.

After incubation the reaction \^/as heated at 65oC for 5 min

and made up to 400 pl in gel loading buffer (2 M Urea, 202

sucrose, 5 mM EDTA, 0.005? Bromophenol blue) by addition of
134 pI of a 3 X stock loading solution and 226 Ul of water.

This preparation of markers was stored at -20oC when not in
use. 20 pI contains I Ug of Hinð,LI-L digested À DNA for use

as standard size markers.

RECOVERY OF RNA AND DNA FROM LOW MELTING TE¡4PERATURE AGAROSE

GEL SLICES

The slices from 1? Iow melting temperature agarose gels

(0.5 g agarose or less) were placed in Eppendorf tubes (1.5

ml), 200 Ul NET buffer added (20 mM Tris-HCl, pH 7.4, 0.2 I\,1
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NaCI, 2 mlvl EDTA) and the samples heated at 65oc for 5 min to

melt the agarose. 0.5 mI of buffer saturated phenol (see

Materials)\^Tasaddedrthesamplesvortexedvigorouslyandcent-

rifuged 5 min in the Eppendorf microfuge. The aqueous phase

was transferred to a fresh tube and re-extracted twice more

with buffer saturated phenol, and finatly with chloroform to

remove traces of phenol. The RNA or DNA WaS reCOvered from the

final aqueous phase by ethanol precipitation. For RNA' 2 l'tl K-

acetate, pH 5.0, v/as added to a final concentration of 0'1 M,

two volumes of ethanol added, and the RNA precipitated overnight

aL -200c" For DNA; 3 M Na-acetate, PH 5.5 was added to a final

concentration of 0.3 M, three volumes of ethanol added and the

DNA precipitated at -Booc for 30 min or overnight. The RNA or

DNA was pelleted by centrifugation (10 min, Eppendorf microfuge) '

rinsed with 70eo k/v) ethanol, dried under vacuum' and dissolved

in a small volume of sterile glass distilled water (for RNA) or

in 0.1 mM EDTA for DNA.

DOT BLOT ANALYSIS OF RNA OR SINGLE STRANDED (ss) DNA

For dot blot analysis of RNA or ss DNA' nitrocellulose

filters were prepared for hybridisation as described below'

Hybridisations with the appropraite l32pl -Iabelled probes

\4rere carried out as to be described and as detailed in

the figure legends.

Samplesweremadetol0ptinlMNH4acetate.The

sample nitrocellulose paper \^Ias presoaked in water and placed

on top of a similarly treated piece of nitrocellulose to

provide a flat surface for sample loading' The nitrocellulose

sheets were placed on an absorptive pad composed of 2 sheets

of whatman 3 MM paper under which was Kleenex paPer towelling

to a thickness of about I inch. The sample nitrocellulose was
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rinsed with I M NH4-acetate. The 10 pl samples were hand

load.ed in a smaIl area using a fine capillary, allowing the

liquid to drain through slowly. After loading all samples,

the filter was rinsed again in t M NH4-acetate, air dried,

and baked for 2 h aL 80oc under vacuum prior to use in

hybridisation experiments. lfhere required double stranded

DNA (ds DNA) \^las rendered single stranded by heating at 80"C

for 10 min in the presence of 0.4 N NaOH'

32
PREPARATION OF I P]-LABELLED DNA PROBES

(a) Random prime cDNA sYn thesis

Random prime l32pl -cDNA was made using B. amyLoLíquifaciens

partially purified mRNA fraction 4 (prepared as discussed

in chapter 3) in the following reaction mix. The 50 pI

reaction contained 5 Ul of the ¡RNA preparation, 20 pI of

Taylor primer, 50 mM KCl, 3 mM MgClrr 8 mi\',I DTT, 45 ml',I Tris-Cl'

pH 8. 3, 100 Vg/mI actinomycin D, 0. I mlvl dATP, 0'I mM dTTP '
I0O pcit32nl-aer" (lOOO Cilmmol), 100 pcit32pl-act" (1000 cil

mmol) and 1 unit of reverse transcriptase, and was incubated

at 370c for 2 h. 2.5 pI 0f 10 N NaOH was then added and

incubation continued at 42"C for I h, to hydrolyse the RNA'

The reaction was neutralised by addition of 10 pI 1 M Tris-Cl,

pH 7.6, and 15 ¡r1 I N HCl, and, 10 uI of 0.1 M EDTA added.

The cDNA was separated from free labet by passage down a G-50

column. Fractions containing l,32pl-cDNA were pooled and

freeze dried prior to use in hybridisation experiments.

(b) Synthe sis of rRNA ES

Random prime t32pl -cDNA was made as for (a) in reactions

using t ug of 16 s rRNA or 23 S rRNA of B. amaLolíquifaeiens.
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These RNAS were isolated by electrophoresis of 20 ug of

totat RNA on a 13 low melting temperature agaroser/methyl-

mercury gel and isolation of the rRNA bands from the agarose

as described elsewhere in this chapter'

thesis of extended cDNA Probes us synthetic(c) Syn

oliq onucleotide Primers

The synthet.ic DNA l4-mers described in Figure 5.1 were

used as primers in the synthesis of CDNA using B. amyLoLíqui-

faeíens RNA as template in reactions as described below'

The primer (5oo ng) was mixed with the RNA (s ug) in

10 pI of water and heated at loooc for I min. The reaction

vlas then made up to 20 pI in 50 mM Tris-Cl' PH 8'0' 50 mM

KcI' 7 mM MICI,, l mM DTT' I nM dATP, 1rr'.M dGTP, l mM dTTP,

aa
25 uM dCTp, 100 pCilstpl-dCTP (2000 Ci/mmot), and 1 unit of

reverse transcriptase, and incubated for 3 h at 3'7"C. For

analytical purposes, 2 pI of the reaction was electrophoresed

on a 6Z polyacrylamide, 7 M urea DNA sequencing gel as

described elsewhere. The remainder of the samples were

stored at -20"C and boiled 5 nin just prior to use in

hybridisation exPeriments .

(d) Preparation of strand-s pec ific M 13 probes

single stranded M 13 recombinant DNA prepared as

described in the M 13 cloning and DNA sequencing section,

rdas used to prepared l32pl -labelled DNA probes using the 5 '

primer essentially as described by Hu and Messing (I982) '

The 5' primer (I7-mer) \^tas annealled. to the M 13 single

stranded recombinant DNA template in a 7 uI reaction containing

1 pI of primer Q.5 ng), 2 pI of M 13 ss DNA preparation

(about I ug), I pI of Io x HIN buffer (0.1 ¡l Tris-C1, PH 7'4,
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0.5 M NaCl, 0.1 M MgCI2) and 3 Ul of water. The mix was

boiled 3 min and allowed to cool slowly to room temperature

over 45 min. To the annealling mix was added I Ul of 10 mM

DTT, lOO UCi of l32pl -dCTP (2000 Ci/mmo1) , I p1 of nucleotide

solution (0.5 mM dATP, 0.5 mi{ dGTP, 0.5 mM dTTP) and I U1

(Z units) of Klenow fragment of DNA polymerase. The reaction

\^ras incubated at l5oc for 90 min and 1 pl of 0.25 M EDTA

added to stop the reaction. The reaction was adjusted to

50 pl in 50 mM Tris-Cl, pH 8.0 and. extracted with buffer

saturated phenol:chloroform 1:1. Free label was removed by

passage through a G-50 column and the fractions containing

l.32pl -tabelled DNA pooled and used directly in hybridisation

experiments.

32'HYBRIDISATIONS WTTH t "l -LABELLED DNA PROBES

Hybridisation of the various l32pl-cDNA probes used

throughout this thesis with nitrocellulose filters prepared

with DNA or RNA, or colony filters, was carried out essentially

as described by vlahl et aL. (lglg) as detailed bel-ow.

The filters v¡ere prehybridised in a solution of 5 X SSC'

5 X Denhardts solution, 508 formamide, I% glycine, 50 mM

KPO4, pH 7.4, and 2OO Vg/mL boiled, sonicated calf thymus

DNA for 3 h at 42"C. Hybridisation was carried out in the

same solution except that the DNA was at 50 þg/mL and Dextran

sulphate added at 10å, with approximatety lOG cpm of probe

per filter, overnight at 42oC. Filters \^lere washed (unless

otherwise stated in the figure legends) in 2 x ssc' 0.13

sDS at room temperature for I h hTith 4 changes of wash

solution, and then for 30 min in 0-2 X SSC, 0.lB SDS at

65oC, with two changes of wash solution, omitting the SDS in
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the final wash. Unless otherwise stated, the washed, dried

nitrocellulose filters were placed in contact with X-ray

film, and exposed. at -80"C in the presence of an intensifying

screen.

PREPARATION OF I32P] -PHOSPHORYLATED OLIGONUCLEOTIDE HYBRID-

ISATION PROBES

32(a) t Pl -phosphory lation of oligonucleotides

The oligonucleotide mixtures described in Figure 5.1

were supplied free of the 5 I terminal phosphate group and

\^rere labe1led at the 5t end by incubati-on with y-t32nl-otn

(2000 Ci/mmo1) and 'I4 polynucleotide kinase as described

below.

0.5 ug of oligonucleotide was t32pl-phosphorylated in

a 10 UI reaction containing 50 mM Tris-HCl, pH 9.0, 10 mM

M¡CL2, I0 mM DTT, I00 uCi of ly-3'rl-ATP and I unit of T4

polynucleotide kinase (added last). The reaction was

incubated at 37"C for 45 min.

(b) Se ration of the o1i onucleotide from free label

To separate the oligonucleotide from unincorporated
î,)

Ly-t"pl-ATp, lO pl of formamide loading solution (deionized

formamide, 0.01? lw/vl bromophenol blue, 0.0I? lw/vl xylene

cyanol, 0.1 mM EDTA, PH 8.0) was added to the reaction after

incubation and the sample electrophoresed on a 202 acrylamide

get (20 cm x 40 cm x 0.5 mm) in TBE (50 mlvl Tris-borate, pH

8. 3, I m¡4 EDTA) containing 7 1"1 Urea at 15 mA until the tracker

dye was approximately 15 cm into the gel. The radioactive

oligonucleotide band was localised by autoradiography (30 sec)

cut out and etuted from the gel overnight at 37"C in 400 Ul

of etution buffer (0.5 lv1 ammonium acetate, I n¡{ EDTA' 0.13
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sDS) and ethanol precipitated using 5 yg of E. eoli tRNArs

as carrier. Just prior to use as probe this material was

pelleted by centifugation (fO min in the Eppendorf microfuge)

washed in 7oz (w/v) ethanol and then in absolute ethanol and

finally dried under vacuum. The t32pl-phosphorylated oligo-

nucleotide was then dissolved in the appropriate solution

for use ín hybridisation experiments.

(c) Seguenc inq of oliqonucleotides

Prior to use in hybridisation experiments the sequences

of the 14-mer mixtures described in Figure 5.I were prepared

as in (a) and (b) above and checked by sequencing using the

chemical cleavage procedures of Maxam A Gilbert (1980) ' as

modified by Banaszuk et aL. (1983) , and electrophoresis on

a 2OZ polyacrylamide gel (20 cm x 40 cm x 0.5 mm) in TBE

(50 mM Tris-borate, pH 8.3, I mM EDTA) containing 7 M Urea.

USE OF l32pl -PHosPHORYLATED OLIGONUC LEOTIDES AS HYBRTDISATION

PROBES

Nitrocellul-ose f ilters were probed with l,32pl -phosphorylated

I4-mers I or 2 (Section 5.4) using a modification of the

procedure of Wallace et aL. (1981) as described below.

prehybridisation was carried out in 6 x ssc (I x ssc =

0.15 M NaCl, 0.0I5 M Na citrate) r Iu (w/v) glycine, 5 X

Denhardts solution (50 [ = IA fu/v) Ficoll , LZ (w/v) poly-

vinylpyrrolidone, Iu (w/v) BSA) , 200 Vg/mI of sonicated,

boiled salmon sperm DNA for 2 h at 65oC followed by 2 h at

4IoC. Hybridisation was carried out as above in fresh

solution composed as above with the addition of 108 (w/vl

Dextran su.Iphate and the appropriate t32pl-phosphorytated
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oligonucteotide probe (approximately 0.2 U9r lOs cpm,/micro-

gram). Hybridisation rÂras carried out overnight at 30oC-

The filters vrere washed 3 times for 15 min each in 6 X SSC

with 0. t? (w/v) SDS in the first 2 washes, air dried

and autoradiographed at 4oC overnight.

SUBCLONING INTO M 13 PHAGE VECTORS AND DNA SEOUENCE ANALYSIS

Restriction fragments of DNA to be sequenced were sub-

cloned into M t3 phage vectors (Vüinter, 1980; l'{essing I Vieira

L982) and seguenced using the dideoxy chain termination

reactions of Sanger et aL. (L977') ' as described below.

(a) Preparation of M 13 replicative form DNA.

To 3 mls of 0.72 agar at 45oC is added 30 pt of BCIG,

(S-bromo-4-chloro-3-indoyl-betagalactaside, 20 mg/mL in

dimethylformamide), 20 p1 of IPTG (isopropyl-beta-D-thio-

galactopyranoside, 20 mg/mI in water) 0.2 mI of exponential

(4600 = 0.6) JM101 culture and 0.I mI of diluted M 13 phage

(enough to give about 20O pfu). This mixture was poured on

a minimal (+ glucose) plate and incubated at 37"C for t h.

A blue plaque was setected, toothpicked into I mI of

2 X TY broth and grown with shaking for 6 h. Meanwhile a

10 mI cutture of ,YM101 from a single colony on a minimal

glucose plate was grown to an 4600 of 0.5, and added to I

litre of 2 XTy. When the 4600 of this culture reached 0.5'

the 1 mI of phage solution was added and grown for 4 h.

Replicative form M 13 DNA was prepared from pelleted

cells as follows. CeIIs were resuspended in 4 mls of 25 mM

Tris-Cl, pH 8.0, I0 mM EDTA, 15? sucrose and 2 mg/mL lysosyme,

and incuabted on ice for 30 min. I mls of 0.2 l"l NaOH, It SDS
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!ìras added, gently mixed and left on ice for I0 min. The

solution was neutralised by addition of 5 mls of 3 M Na-

acetate, pH 4.6, and incubated on ice for a further 40 min.

After centrifugation, (20r000 g for 15 min), the supernatant

was carefully removed, 50 Ul of t mg/ml RNA'se A was added

and incubated at 37"c for 20 min. The solution was extracted

twice with an equal volume of buffer-saturated phenol:chloro-

form I:1, and ethanol precipitated. The pellet was resuspended

in 1.6 mIs of water and the DNA precipitated by the addition

of 0.4 mI of 4 M NaCl, 2 mls of 13? PEG (polyethyleneglycol)

and standing on ice for t h. The DNA was collected by cent-

rifugation, (20,000 g for 10 min), the PEG supernatant care-

fully removed and the pellet was finally washed in 70% ethanol

and dried under vacuum.

(b) Prepara tion of M 13 vectors

M 13 vectors (from mp83 or mp93 replicative form DNA

isolated as above) were Prepared using the appropriate

restriction enzyme (s) as described previously for plasmid

pBR322 vectors. I{ 13 vector DNA was stored for use at 20

nq/ vL -

(c) Liqati on and transformation

Restriction fragments were cloned into the appropriate

14 13 vector using a 3-fold molar excess of DNA over linear

vector DNA in ligation reactions. A typical ligation

reaction contained I pl of DNA f ragments, 1 Ul of 10 ml"l

rATp, 1 pl of IO X C (0.5 M Tris-Cl, pH 7.5, 0.1 M lttgCL2'

10 mM DTfl), 5 yl of water and t pl of T4 DNA ligase, (0.s

units/Ul). Reactions were incubated at AoC for from 12 24

h. A control ligation with no added DNA fragments was
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included to determine background transformation levels'

Competent cells \^¡ere prepared by growing JM101 to an

A600 of 0.6 in 2 X Ty broth, harvesting by centrifugation

(5OO g, 5 min, Aoc) and resuspend,ing in L/20Lh original

volume of freshly prepared 50 mM CaCL, Cells were used

after storage at 4"C for at least 2 h, and up to 3 days'

One fifth Q Ul) of a ligation mix was added to 0'2

ml of competent JMI01 cells and kept on ice for 40 rnin.

The cells were heat shocked at 420c for 2 min and then added

to 3 mt of O.7Z agar containing 20 pI BCIG (10 mg/m1)' 20 pI

rpTc (10 mg/mL) and 0.2 mI of exponential JM10I (4600 - 0.5) '

The mixture \^ras plated on minimal (+ glucose) agar plates

and grown for 9 - 12 h at 37"C.

(d) Preparat ion of temPlate DNA for sequencrng

Recombinant plaques \^¡ere toothpicked into I mI of 2 X TY

broth containing 2 vI of overnight JM101 culture and grown

with shaking for 5 h at 3':-"C. Cells v¡ere pelleted by cent-

rifugation in an Eppendorf centrifuge for I0 min, the super-

natant removed carefully into a fresh tube and recentifuged'

To each supernatant was added 0.2 mI-of 2.5 M NaCl, 202 PEG

6000, and after leaving at room temperature for 15 rnin, the

phage pellet was collected by centrifugation for 5 min. After

removal of all the supernatant, the pellet was resuspended in

0.1 mI of I0 mM Tris-cl, PH 8.0, 0.1 mM EDTA and extracted with

an equal volume of buffer saturated phenol- The aqueous phase

was re-extracted twice with 0.5 ml of diethyl ether and ethanol

precipitated. The phage DNA was collected by centrifugation,

washed in 7OZ ethanol, g5Z ethanol and finally dried under

vacuum and dissolved in 25 pI of 10 ml"l Tris-Cl, PH 8'0, 0'1 m}'l
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EDTA and stored at -20oC.

(e) Comp lementaritY testinq 'of 'si'nqle-stianded (ss) M 13

recombinants

To determine which strand of a particular sub-cloned

DNA fragment was present in a single-stranded M 13 recombinant

(ss t',t 13 clone), hybridisatj-on analysis was carried out using

an arbitrarily selected t ot previously sequenced ss M 13 clone

as a reference. 2 vL of ss M 13 clone DNA to be tested was

added to 2 vL of reference DNA with 4 pI of t0 x HIN buffer

(o.I M Tris-CI, pH 7.4,0.1 M MgCL2, 0.5 M NaCl) and 2 VL

of 5 x M 13 loading solution (50u glycerol, I% SDS, 0-2 M

EDTA,0.2? bromophenol blue) and incubated at 65oc for t h'

The samples were electrophoresed as described previously on

a 1å agarose minigel, with 2 mI of reference DNA as a marker'

The DNA was visualised after ethidium bromide staining'

single-stranded M 13 clones with inserts identical to the

reference clone co-migrate with the reference, whereas clones

with the complementary strand are retarded as they have

hybridised to the reference, thereby doubling their molecular

weight

(f) Dideoxy chain terminat ion DNA seguenc ing procedures

DNA sequence analysis of M 13 single-stranded DNA was

carried out essentiatly as described by Sanger et aL ' (1977) '

(1) Hybridisationz 2.5 ng of universal primer (17-mer)

\,i7as annealed to I uI of the template DNA preparation (about

1 ug) in a 10 pI reaction containing 10 mIvI Tris-cl, PH 7.4,

10 nM MgCI2, 50 mM NaCl by boiling for 3 min and allowing the

reaction mix to cool slowly over I h'

(2) Polyme risation z 4 pI of *[32p] -derp (approximately
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16 uÇi) was lyophilized,, the hybridisation mixture added,

I Ul of IO mM DTT added and finatly I ¡rl of Klenow fragment

(1 unit) \^ras added, and vortexed to resuspend the ]abe].

2.5 UI of this solution was added immediately to each of 4

tubes containing 2 vL of the appropriate No-ddNTP work

solution (freshly made from stock concentrates, see details

below). After nixing, samples were incubated at 37oc for

15 min, 1¡r1 of dATP chase (500 uM dATP in 5 mM Tris-Cl'

pH 8.0, 0.1 mM EDTA) added and incubation continued for a

further 15 min at 37"C. 5 pl of formamide loading buffer

(formamide, deionised with mixed bed resin, 0.IU bromophenol

blue, O-tu zylene cyanor and EDTA to 20 mll) was added to

each tube, the sampJ-es boiled for 3 min and then analysed on

a sequencing geI (see below).

The No-ddNTP work sotutions were composed as follows:

A-work solution was 0.4 mM ddÀTP:Ao (200 UM dTTP, 200 UM

dCTP, 2OO pM dGTP' 5 mM Tris-Ct, PH 8.0) ' l:1; C-work

solution was 0.2 mM ddCTP:C" (200 plf dTTP, 10 UI4 dCTP, 200

pM dGTP, 5 mM Tris-CI, pH 9.0) , 1:l; G-work solution \/\tas

0.3 mM ddGTP:Go (200 pM dTTP, 200 UM dCTP, 10 UM dGTP' 5 m¡'l

Tris-c], pH 8.0), 1:1; T-work solution was 0.1 ml4 ddTTP:To

(10 pM dTTP, 200 UM dCTP, 200 UM dGTP' 5 mM Tris-C1, PH 8.0)'

1: 1.

(3) DNA s uenc e1s: t pI of each samP1e was

electrophoresed on a 6Z polyacrylamide, 7 M urea ge1 (20 cm

x 40 cm x 0.2 mm) in TBE btiffer (90 mIvI Tris-borate, PH 8-3,

2.5 mM EDTA). The gels were pre-electrophoresed for 45 min

prior to loading the samples. Electrophoresis was at 1200

Volts unÈil the tracker dyes had migrated the desired distance.
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After electrophoresis the gels were fixed 10 min in 10?

acetic acid, washed with several litres of water to remove

the urea and dried. Autoradiography was generally carríed

out overnight at 4"C.

CONTAINMENT FACILITIES

AlI work involving recombinant DNA was carried out under

CI/EKL containment conditions for work involving viable

organisms and Co containment conditions for work not involving

viable organisms, as defined and approved by the Australian

Academy of Science Committee on Recombinant DNA and by the

University Council of the University of Adelaide.

GENERAL }4ETTIODS

(I) Cell densities

Ce]] densities were determined by measurement of the

absorbance of a celI suspension (or a L/20 dilution thereof

in physiological saline) at 600 nM in a I cm cuvette using

a Hitachi Model 101 Spectrophotometer.

(2) Protein Estimatíons

Estimates of total protein \^¡ere carried out according

to the method of Lowry (1951), using bovine serum albumin

(BSA) as a standard.

(3) RNA and DNA Estimations

RNA and DNA concentrations r^¡ere estimated spectrophoto-

metrically assuming that one 4260 unit equals 40 lrg/mI for

RNA or 50 Vg/mI for DNA.



CHAPTER THREE

ISOLATION AND PARTIAI PURIFICATION OF

PUTATIVE ALKALINE PROTEASE MRNA FROM

B. AMYLOLISUEFACTENS
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3.1 .INTRODUCTTON

Our current understanding of the procesSeS of extra-

cellular enzyme production by B.amyLoLiquefaeiens was

discussed in the introductory chapter of this thesis. In

particular, extraceltular protease production by this organism

has been the subject of a recent study in this laboratory

(orconnor, 1978, Love, I9B1). As mentioned previously, as a

resutt of this work, it seemed that a study of alkaline

protease production at the molecular level was the most

promising approach. The aim was to isolate the gene for the

alkaline protease to enable direct hybridisation assay studies

of protease messenger RNA production to be undertaken.

!{ith these considerations in mind, the aims of the work

described in this chapter were two-fold. Firstly' to prepare

RNA containing mRNA for the alkaline protease as shown by

translating total RNA iz Ditro and identifying alkaline protease

amongst the translational products; and secondly, to partially

purify this messenger RNA to permit synthesis of a cDNA probe

for use in isolation of the alkaline protease gene.

Translation of mRNA isolated from B. amyLoLiquefaeiens

has been attempted in several in uitro systems derived from

both prokaryotes and eukaryotes in this laboratory (O'Connor'

lg78 and Bawden, L979). This work was inconclusive firstly

because for reasons discussed below, identification of proteases

in mRNA ín uity,o translational products I^Ias difficult, and

secondly because attention r^ras f ocused on neutral protease.

Since the work of Love (1981) showed that in the apparent

accumulation of mRNA, atkaline protease mRNA predominated, the
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latter protease was the one to concentrate on (as has

already been mentioned in the introduction).
Translation of an mRNA for protease ín an in uitro

system raises several potential problems. Firstly, synthesis

of an active protease, shourd it occur in a cert-free system

may be detrimental to that system. secondly, possible break-

down of the synthesised protease by autodigestion may render

the identification of translation products difficult.
Possibly as a result of these factors and./or the high leve1

of RNAase present in cell homogenates of B. amALoLiquefaciens

or B. subtiLis attempts to translate arkarine protease mRNA

in such homologous systems hTere unsuccessful, (o'connor, rgTB i

Bawden, L979) . This was disappointing since it seemed that if
the mRNA reserve pool had "special" translational requirements

those requirements \trere most likely to be met by homologous

transl-ational systems .

A cell-free translation system derived from E. coLi

was therefore tried essentially as described by Zubay (1973)

and optimized for the translation of mRNA isolated from B.

amyLoLiquefaeiens (Bawden, L979') . This in uítro system

proved capable of translating total RNA from B. amyLoLíque-

faeiens into a broad range of translational products.

This chapter describes the use of this cell-free system and

the identification of translation products, synthesised under

the direction of RNA isolated from B. amyLoliquefaeiens.

AIso described is the partial purification of the mRNA for
these translation products, for use as a probe in the isolation
of the alkaline protease gene.

In summary, my initial approach was to isolate total
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RNA from B. amyLoLíquefaeíens, translate it ín an in uitv'o

system derived from E. coLi, and by various means' attempt

to identify translation products as related to the alkaline

protease of this organism. (The term "related'' to alkaline

protease" is used to indicate either a precursor protein or

a degradation product of the protease).

3.2 PREPARATTON OF THE E COLT CELL.FREE TRANSLATION SYSTEM

The details of the preparation and components of the

cel-l-free system derived from E'. eoLi strain MRE 600 are

given in Methods, chapter 2. The S 30 extracts used through-

out this thesis were prepared as described by Bawden (1979) '

Each extract was optimized for the various ion and other

requirements in prelimínary experiments. 'In general' each

50 ul translation assay was composed of the components

described in Chapter 2, with additions where appropriate

as described in the figure legends, and the reaction mix

incubated for twenty minutes at 37oC.

An important modification, shown in preliminary experi'

ments to significantly reduce the tevel of background (no

added RNA) incorporatj-on in the translation assays was micro-

coccal nuclease treatment of the S 30 extract just prior to

use in the translation system. This treatment was carried

out essentially as described by Bottomley c Whitfeld (1979) '

In control experiments various levels of nuclease, and various

times of incubation were tried to determine the most aPprop-

riate leveI of nuclease treatment in this system. The best

protocol for nuclease treatment arrived at for use in all
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future experiments is detailed in Methods, Chapter 2.

3.3 ISOLATION
.OT' TOTAL RNA FROM B. AMYLOL TS.UEFAC IEN S

AprocedurefortheextractionofRNAfromB.amyLoLi-

quefacienswasdevelopedbyo!Connor(1978).Itwasfound

inpreviousattempts(goth,Ig73)thattheRNAofthis

organism was subject to extensive degradation during normal

phenolextractionprocedures,perhapsduetothehighlevels

of ribonuclease produced by the organism' The procedure

developed by o'connor largely overcame this problem, yielding

intact cellurar RNA as judged by analysis on 4z polyacrylamide

gels containing g}eo (v/v\ formamide. Briefly, in this pro-

cedure,cells\^¡erewashedbyresuspensioninTrisbufferto

remove extracellular ribonuclease' snap frozen in fresh

buffer,lysedusingtheXpressapparatusat-25"candRNA

isolated from the lysate using an sDSr/phenol extraction

procedure. RNA isolated from B. amyLoLiquefacíens by the

aboveprocedurewastranslatedwetlintheE.coLícell-

free system.

It became clear from this work that isolation of intact

RNA from this organism required the rapid and sustained

inactivation of its associated ribonucleases. It was

decided to attempt to improve the isolation procedure' cox

(1968) described a procedure for the isolation of RNA

employing guanidium derivates as denaturing agents. ullrich

etaL.Q977)successfutlyisolatedintactRNAfromtherat
pancreas (a tissue rich in ribonucleases), employing guanidine

thiocyanate as extractant (a strong denaturant and ribonuclease
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inhibitor). Related procedures have become widely used in

the isotation of RNArs from many sources.

A modificatíon of the procedure of Ullricli, et aL.

(L977 ) based on that of Brooker et aL. (1980) usíng guanidine-

hydrochloride was developed for the isolation of RNA from

B. amyLoLiquefaeíens. This procedure is given in lt{ethods,

Chapter 2.

In preliminary experiments this extraction procedure

was compared with that of OrConnor (1978). Although both

RNA preparations gave rise to the same product profile when

translated in the E. eoLi cell-free system, for an equivalent

amount of starting B. amyLoLiquefaeíens cel1 culture, the new

procedure yielded three times the amount of RNA. A typical

preparation yielded approximately 6.0 mg of RNA from 240 mL

of starting culture, providing sufficient material for pre-

parative fractionation. RNA preparations from both proced.ures

were compared by methylmercury-agarose gel electrophoresis

(refer to Figure 3.2 to follow). The RNArs appear by staining

to be essentially the same. This guanidine-hydrochloride

extraction procedure was therefore used for all RNA preparations

throughout the work described in this thesis.

3.4 TN VTTRO TRANSLATIONAL PRODUCTS DIRECTED BY B. AMYLOLT-

SUEFACTENS RNA IN THE E. COLT CELL-FREE SYSTE¡,I.

A broad range of products result from translation of

unfractionated RNA from B. amyLoLiquefaeiens in the E. eoLi

celI-free system, while in the control sample' the background

incorporation is negligible, as a result of nuclease treatment

of the E. eoLi S 30 just prior to use as discussed in Section
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3.2 (This witl be illustrated in Figure 3.1 to follow).

preliminary experiments showed that the response of the

E. coLi cel}-free system to added RNA (Bawden, L979) was

essentially linear in terms of t35sl -methionine incorporation

into TCA-precipitable material between 0 and I50 Ug of unfract-

ionated B. amyLoLíquefaeiens RNA per assay. The translation

product profite was constant over this range of RNA addition.

It is perhaps worth noting at this point, that the unfraction-

ated RNA preparation is composed of approximately 90% ribosomal

and transfer RNAr s as estimated from stained profiles of the

RNA on agarose ge1s. This wiII be discussed further in later

sections of this chapter. In general in the work to follow'

approximately IO0 Ug of this RNA per translation assay \^¡as

used as indicated in the figure legends.

3.5 RNA ISOLATION FROM CELLS WITH A HIGH OR LOVÙ APPARENT

PROTEASE MRNA POOL

As described in the introduction the basis of this work

was the initial observation that B. amyLoLiquefaciens cells

harvested from culture ra,lere capable of protonged rifampicin

and actinomycin D-insensitive protease synthesis and that a

reserve pool of mRNA (see the footnote below) was the hypo-

thesis which best explained this observation.

In respect of the aim of the present work (that is, to

provide an pRNA fraction suitable for synthesing a cDNA

probe to enable isolation of the alkaline protease gene) it

In the present work, use of the term "mRNA pool" is necessary
for conlenience, but does not imply that the existence of the

jor purpose of the work. The
ted to indicate this fact. It
pool" simPIY refers to the

rotease in the Presence of
vels which inhibit RNA sYnthesis

greater than 952 and general protein synthesis completely.
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would be useful to use an RNA Preparation in which the leve1

of mRNA for the protease is enriched.

It is possible to obtain cells which either have a zeto

Ievel of apparent protease mRNA pool or alternatively a very

high level. This is achieved by utilising the repressive

effect of high concentrations of amino acids. Thus OrConnor

et aL. (Lg78) showed that incubation of cells for 75 min in

medium containing a high level of amino acids exhausted the

pool; transfer of such cells to low amino acids for 75 min

caused a progressive accumulation of the apparent mRNA pool.

Therefore, using this property, RNA was isolated from B.

amyLoLiquefaeiens cells in which the apparent protease mRNA

pool was minimal (that is after incubation of 1og phase cells

for 75 min in high amino acids medium), and after transfer of

these "exhausted" cells and a further incubation for Say 60

min in low amino acids medium, after wh.ich time the apparent

protease mRNA pool is approaching its maximal level.

It was of interest to determine whether these extremes of

apparent protease mRNA pool size \^Iere demonstrable either in

the profiles of RNA isotated from these two time points or in

the translation products directed by these two RNA samples'

Those studies required a means of fractionating the RNA and

procedures for identification of ín Ðítro translation products.

As a first step RNA was isolated from cells of B. amALoLi-

quefaeiens incubated for 75 min in high amino acids medium, and

from cells incubated for a further 60 min in 10w amino acids

medium as described in detail in Methods, Chapter 2. For con-

venience and brevity, these RNA samples are named 75 Haa RNA

and 60 Laa RNA resPective1Y.

The translation product profiles of these two RNA samples
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are shown in Figure 3.1. It appears from this autoradiogram

that the two samples are very similar in their protein coding

capacity. The control sample (no added RNA' Track 1) shows

negligible incorporation of labeI into protein products' AIso

shown in this photograph are the culture supernatant enzymes

of. B. amALoLiquefaciens, labelled with t35Sl-methionine as

described in l,lethods and used as markers. The major enzymes

are named and their approximate molecular weights given' The

protein of central interest in this work is the extracellular

alkaline protease which has a molecular weight of approximately

30r000 D. Of particular interest therefore are the prominent

translation products in the region of this enzyme (arrowed) '

The two RNA preparations were compared by analysis of

samples on methylmercury/aqatose gels run as described in

Figure 3.2. This figure shows that in the RNA profile of

60 Laa RNA a range of bands below the 165 RNA appear more

prominently than in the 75 Haa RNA sample. The possible

significance of this is discussed later in this chapter'

3.6 TRANSLATION OF RNA ISOLATED FROM RIFAMPICIN TREATED

CELLS OF B. AMYLOLIS UEFAC TEN S

In studies on the apparent mRNA pools for alkaline and

neutral protease upon transfer of celIs from high amino acids

to low amino acids media, the work of Love (1981) had demo-

strated that during rifampicin-insensitive protease product-

ion, the neutral and alkaline protease mRNA pools support

enzyme synthesis for 30 and 60 80 min respectively. This

suggested that the latter mRNA pool may last longer than

the former. The production of protease after 20 min

rifampicin preincubation represenLed, de noÙo protein



FIGURE 3.I

TRANSLATTON PRODUCTS DTRECTED By B. AMYL)LTSUE-

FAC IENS UNFRACTIONATED RNA (75 HAA RNA AND 60

LAA RNA SAi\,IPLES) TU THE E" COLT CELL-FREE SYSTEIVI

B. amgLoLiquefaeiens unfractionated RNA samples 75 Haa
RNA and 60 Laa RNA (defined in text) isolated as described
in Methods, Chapter 2 were translated in the E. eoLi cel1-
free system. Samples were electçgphoresed on a L2.5% SDS-
polyacrylamide gel (aIong with IJ5S]-methionine labelled
B. amyLoLíquefaeiens culture supernatant protein markers)
and the gel autoradiographed after fluorography. Details
of all preparations and reactions are provided in Methods,
Chapter 2. The major products in the region of the alkaline
protease are arrowed and. the culture supernatant enzymes
Iabelled.

TRACKS:

1.
2.
3.
4.
5.
6.

No added RNA - control- products
60 Ug 75 Haa RNA translated
B0 Ug 75 Haa RNA translated
B. amyLoLiquefaeíens culture supernatant proteins
60 Ug 60 Laa RNA translated
90 Ug 60 Laa RNA translated.
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FIGURE 3.2

AGAROSE.METHYTMERCURY GEL ANALYSIS OF 75 HAA RNA

AND 60 LAA RNA OF B. AMYLOLTSAEFACTENS (CO¡4PARISON

OF SDS/PHENOL AND GUANIDINE HYDROCHLORIDE RNA

ISOLATION PROCEDURES)

10 Ug of each RNA sample isolated using either the SDS/
phenol or guanidine HCI extraction procedures was electro-
phoresed on a 1? agarose gel containing 5 mM methylmercury
hydroxide as described in lvlethods, Chapter 2 .

TRACKS:

t. SDSr/phenol procedure
2.

3. guanidine-HCl procedure
^

The 23 S rRNA, 16 S rRNA and 4 S RNA are indicated.

75 Haa RNA)

60 Laa RNA)

75 Haa RNA)

60 Laa RNA)
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synthesis and was shown to be confined only to alkaline

protease. Love (198I) also showed that incubation of cells

with a maximum capacity for rifampicin-insensitive alkaline
protease production in the presence of rifampicin for 20

min results in alkaline protease synthesis representing

about 24e" of total protein synthesis.

With these findings in mind, it was important to deter-

mine whether this apparent long-lived pool of alkaline prot-

ease mRNA could be demonstrated to exist by in uitro trans-

lation of RNA from cells optimised for the proposed pool

and treated with rifampicin for 20 min to deplete other

less stable mRNArs (see footnote below). It might be

expected that translation of mRNA for alkaline protease

would predominate when RNA isolated from cells optimised

for the proposed mRNA pool (that is log phase cells of B.

amyLoliquefaciens incubated for 75 min in Haa medium followed

by incubation for 60 min in Laa medium) and then treated for

20 min with rifampicin, was translated in the E. eoLi ceIl-

free system.

Cells were optimised as above, and then incubated for a

further 20 min in low amino acids med.ium containing 0.1 lq/m\

rifampicin, and the RNA isolated as described in Methods'

Chapter 2. This level of rifampicin was shown in control

experiments to result in almost complete (greater than 958)

For clarity it perhaps needs to be pointed out that the essential
concept in the mRNA pool hypothesis is that there is excess
protease mRNA in the sense that this is not rate limiting in
the synthesis of protease. V'Ihether the prolonged synthesis of
protease in the absence of transcription is due to there being
such large amounts that the synthesis sites are saturated even
after many half life decay periods or whether the mRNA is more
stable or to a combination of these is rrot speculated upon.
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inhibition of 3n-uracil incorporation into TCA precipitable

material by washed cells (Love, L981) '

RNA r^7as also isotated f rom a control sample of cells,

incubated as above, but without the addition of rifampicin'

These two RNA Samples were fractionated on sucrose

gradients as described in Methods, chapter 2 to obtain an

enriched mRNA fraction and translated in the E' coLi cell-

free system. This fractionation of RNA will be discussed

in detail later in this chapter. Figure 3.3 shows the

result of this translation experiment'

The RNA from cells not treated with rifampicin trans-

lated to givç the range of products seen in previous experi-

ments. However, this range of products was drastically and

uniformly depleted in the corresPonding translation of RNA

isotated from rifampicin treated cells'

This indicates that the messenger RNA's of B. amyLoLi-

quefaeíens translated in this in uitt'o system all behave as

typical, short half tife prokaryote nRNArs. There aPpears

to be no enrichment for translation products related to a

stable mRNA. This raises the interesting possibitity that

the apparent pool of mRNA for alkaline protease is not in a

form which is translatable in this in uitro system, and

therefore, that the apparent mRNA pool may not be demon-

strable by translation assay.

3.7 METHYLMERCURY TREATMENT OF THE RNA PRIOR TO TRANSLATTON

one means by which an nRNA molecule may be rendered

incapable of immediate translation is by the formation of

secondary structure, giving a folded conformation in which



FIGURE 3.3

TRANSLATION PRODUCTS DIRECTED BY RNA ISOLATED

FROM B. AMYLOLTS, UEFACIENS CELLS, WITH OR V'TITHOUT

RTFAMPICIN TREATMENT, IN THE ¿" COLT CELL-FREE

SYSTEM

RNA was isolated from B. amgloLiquefaeiens cells as
d.escribed in Methods, Chapter 2 except that incubation in
low amino acids medium was carried out for an extra 20 min
in the presence or absence of rifampicin (added to a final
concentration of 0.I yg/mL). The RNA was fractionated on
sucrose gradients and 30 Ug of each fraction translated in
the E. eoLi cell-free system. Samples of the translation
prod.ucts were electrophoresed on a L2.52 polyacrylamide
gç] which was processed by fluorography and autoradiographed.
Is¡s] -methionine labelled culture supernatant proteins of
B. amyLoLíquefaeiens were used as markers. Details of all
preparations and procedures are provided in Methods, Chapter
2.

TRACKS of translation products directed by:

1. No added RNA - control translation products

2

3

4

5

6

7

I
9

Gradient Fraction I)
Gradient Fraction 2) RNA from rifampicin treated cerls.
Gradient Fraction 3)

Gradient Fraction 4)

Gradient Fraction 1)

Gradient FracÈion 2')

Gradienr Fracrion 3) iiå"i:3-,i:ilïil"ffl:ì"Í""'
Gradient Fraction 4)

2tr
["S] -methionine labe1led B. amyLoLiquefaciens culture
supernatant proteins.

= a-amylase
= neutral protease

= alkaline protease

r0.

Am

Ne

A1



J +ln

- 
+ì4.

+At;:ln;t
a

123at67telo



68.

the ribosome binding sites are not readity accessible.

Payvar & Schimke ,J979) have shown that the translation of

certain mRNA's is enhanced by prior treatment of the mRNA

with methylmercury, a strong denaturant which destroys

secondary structure in nucleic acid.

To test whether translation of any mRNArs isolated

from B. amyLoLiquefaeiens were affected by methylmercury

treatment, unfractionated RNA was treated with the denaturant

just prior to translation. The details of this experiment

are given in Figure 3.4.

Two RNA samples \^lere treated with methylmercury. These

\{ere isolated from cel1s in which the apparent mRNA pool for

protease was depleted (i.e. after incubation of cells for

75 min in high amino acids medium) and from cells in which

the apparent pool was high (i.e., from cells incubated in

high amino acids medium as above then for a further 60 min

in low amino acids medium).

Figure 3.4 shows the results of translation of these two

RNA samples with or without prior methylmercury treatment.

As can be seen in the autoradiog'ram, methylmercury appears

to have had no effect on the translation of either RNA

sample. That is, no specific mRNArs apPear to be enhanced

in translation (as measured by the intensity of translation

products) due to methylmercury treatment.

In this experiment, methylmercury was used at a final con-

centration of 5 mM. In further trials, increasing the concent-

ration of methylmercury did not improve the previous result.

Therefore, it appears that the apparent mRNA pool for

protease is not revealed. in these translation assay experi-



FIGURE 3.4

TRANSLATION PRODUCTS DIR.ECTED BY 75 HAA RNA AND

60 LAA RNA OF B. AMYLOLTQUEFACTENS WITH OR

!{ITHOUT PRIOR METHYLMERCURY TREAT}IENT OF THE RNA

IN THE E. eoLi CELL-FREE SYSTEII

30 Ug of each RNA sample (i.e., 75 Haa RNA or 60 Laa
RNA) isolated as described in Methods, Chapter 2, was treated
with methylmercury (at 5 m¡4, final concentration) for five
minutes at room temperature just prior to translation in the
E. coLi ceI1-free system. Corresponding untreated samples
hrere also translated. sampres of the translation products
were electrophoresed on a L2.5? polyacrylamide gel which
was processed by fluorography and autoradiographed. Details
of arl preparations and procedures are provided in Methods,
Chapter 2. IrrS] -methionine labelled culture supernatant
proteins of B. amaLoLiquefaeíens v¡ere used as markers and
the major enzymes are tabelled.

TRACKS of translation products directed by:

1. 75 Haa RNA

2. 75 Haa RNA (rnethylmercury treated)
3. no added RNA (control products)
4. 60 Laa RNA

5. 60 Laa RNA (methylmercury treated)
6. t35sl -methionine labelled culture supernatant proteins

of B. amALoLíquefaeiens.

Am

Ne

AT

o-amylase
neutral protease
alkaline protease



.- (Þ¡n

---"-

O+¡
?IF -o o'

+¡

12ta5

--



69.

ments. It the pool really exists, then factors unique to

the cytoplasm of B. amALoLiquefaciens may be required for its

translation. Another possible approach to look further at

this would be to use a translation system incorporating cell
free extracts of B. qmALoLiquefaciens. However, again the

problem of ríbonuclease emerges as cell extracts would need

to be isolated using non-denaturing conditions to maintain

the integrity of translation specific factors. This approach

seems very complex and overly consumptive of time and effort.

Obviously, the approach of choice is to look at the

apparent mRNA pool by hybridisation analysis using a gene

probe.

3.8 PREPARATION OF AN ANTTSERUM TO THE EXTRACELLULAR ALKALINE

PROTEASE OF B. AMYLOLTSAEFACTENS

It appeared from the previous work that none of the

translation products obtained by translation of RNA from

B. amyLoLiquefaeì,ens in the E. coLi cell-free system could

be shown to result from translation of mRNArs remaining after
normal mRNArs had degraded. The possibilities have been

discussed that the mRNA for the alkaline protease is not

translatable in this systemr or that translation products

are rapidly broken down.

Immunopråcipitation is a useful tool in determining

whether translation products synthesised in the E. eoLi

celI-free system in response to mRNA from B. amyLoLiquefaeiens

are related to the secreted alkaline protease of this organism.

This approach required first the preparation of an antiserum

specific for this enz)¡me. Such an antiserum became available
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for use at this stage of the work.

The culture suPernatant alkaline protease of B. amALoLi-

quefaeíens has been purified to homogeneity (as judged by

electrophoresis on SDS denaturing gels) in this laboratory

(Love (1981) and O!Connor, personal communication). Samples

of this preparation were used to raise antisera in a rabbit

according to the regimen described in Methods, Chapter 2.

Two rabbits were immunized and one showed a strong response

in Ouchterlony immunodiffusion experiments, giving a single

strong precipitation line when tested against the pure anti-

gen. This antiserum was used in the following experiments

without further Purification.
As a further check of the specificity of this antiserum

it was tested against the culture supernatant enzymes of

B. amyloLiquefaeíens as detailed in Figure 3.5. The culture

supernatant enzymes were labelled with t35Sl -methionine and

subjected to immunoprecipitation as described in Methods'

chapter 2, and in the figure legend, and then displayed on

a polyacrylamide gel as shown.

The autoradiogram shows that the antiserum reacts veryr

strongly with the native atkaline protease, and several

lower molecular weight proteins which may be breakdown

products of this enzyme. There is no cross-reaction with

the o-amylase but a very faint reaction with the neutral

protease can be Seen, (more prominently in a longer exposure

of this gel). This may occur if the two proteases share

Some common minor antigenic determinantsr or if the protease

preparation used as antigen contained some breakdown products

of the neutral protease.



FTGURE 3.5

IMIVIUNOPRECIPIIATTON OF B. AMYLOLT SUEFAC TEN S

CULTURE SUPERNATANT PROTEINS WITH THE ALKALTNE

PROTEASE ANTTSERUI4

The curture supçfnatant proteins of B. amaLoLíquefaeiens
r^rere labelled with Ir5S]-methionine as describéd in'llethods,chapter 2. 200 ur samples of laberred supernatant weretreated as indicated below and immunoprecipitated using10 pl or 20 ul of arkaline protease antiserum. The anti-
serum viras prepared, and the immunoprecipitations carriedout as described in Methods, chapter 2. The sampres wereerectrophoresed on a L2.5å polyaõrylamide geI which wasprocessed by fruorography and autoradiographed. Details
9-f all preparations and procedures are þroli¿e¿ in Methods,
Chapter 2. [35s] -methioñine labelled cùIture supernatantproteins of B. amyLoLiquefaciens were used as maikers andthe major enzymes are labeIled.

TRACKS

1. 200 U1 supernatant, lO pI antiserum used
2. 200 U1 supernatant, 20 Ul antiserum used
3. t35sl-methionine label]ed culture supernatnant proteins

of B. amALoLiquefaeiens
4- as for 1 with PMSF at 2 mM incruded throughout alr-operations
5. as for 2 with PMSF

6. 200 u1 supernatant with sDS at 22, boiled for two minprior to immunoprecipitation, then as for 1.
7 - 200 u1 supernatant with sDS at 22, boired for two minprior to immunoprecipitation, then as for 2.
8. t35sl -methionine labelled culture supernatant proteinsof B. amALoLíquefaeiens
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T\¡ro leve}s of antiserum were tried (10 & 20 11I, Track

1 & 2 respectively). PMSF (at 2 mM) a serine protease

inhibitor was included in the samples on Tracks 4 & 5, but

appeared to have no effect. Tracks 6 & 7 show the result

of boiling the samples for two minutes in the presence of SDS

(22 lw/vl) prior to immunoprecipitation with the antiserum'.

This treatment has been shown by Matsuura et aL. (1981) to

enhance the reactivity of antigens with antisera in similar

experiments. In this case however, the antiserum appears to

react only with antigenic determinants on the untreated

enzyme preparation. In any case, the high reactivity of this

antisera makes it a useful tool in the identification of

proteins related to this enzyme in the mixture of in uítro

translation products synthesised in response to mRNA from

B. amyLoLiquefaeiens.

3.9 IMMUNOPREC IPTTATION TRIALS USING THE ANTISERA TO ALKALINE

PROTEASE

Immunoprecipitation of the translation products of B.

amyLoLiquefaeiens total RNA in the E'. coLi cell-free system

r^ras attempted using the procedure described in Methods,

Chapter 2 and Figure 3.6. The autoradiogram presented here

shows the results of immunoprecipitation from products

synthesised in response to 75 Haa RNA or 60 Laa RNA. Several

translation products are selectively precipitated by the

alkaline protease antisera. Notable is the immunoprecitation

of the prominent translation product of slightly slower

mobility than the culture supernatant alkaline protease



FIGURE 3.6

ÏMMUNOPRECIPTTATION OF' TRANSLATION PRODUCTS

DIRECTED BY 75 HAA RNA OR 60 LAÄ RNA IN THE

E. COLT CELL-FREE SYSTEM , USTNG THE ALKALTNE

PROTEASE ANTISERUM

Samples (100 ug) of 75 Haa RNA or 60 Laa RNA isolatedfrom B. amyLoLíquefaeiens cerls as described in Methods,
chapter 2, r^rere transrated in the E . eoLí cell-free system.10 uI of each 50 ul translation assay rvas prepared diiectlyfof erectrophoresis, in the presence or absenèe of pMSF (2'
mM). The remainder of each assay (40 UI) was subject ùoimmunoprecipitation using 20 ur óf alkaline proteáse anti-serum, again in the presence or absence of plrlsr Q mM)throughout the procedure. The samples were electrophoresed
9l a 12.52 polyacrylamide gel which was processed bi,fluorography and autoradiographed. oetairs of alt ir"-parations and procedures are þrovided in Ivlethods, c-hapter2. t35sl-meth-ionine labelled culture supernatant proteins
or. B. qmaLoliquefaeiens were used as markers and tñe major
enzymes are labelled.

TRACKS

1.

2.
3.
4.
5.
6.

7.
8.
9.
10.
1r.

t35sl -methionine laberled culture supernatant proteins
of B. amALoLiquefae¿ens
75 Haa RNA translation products
75 Haa RNA PMSF (2 mM) present
75 Haa RNA sample immunoprecipitated
as for 4. with PIISF (2 mM) present
t35sl -methionine laberled culture supernatant proteinsof B. amAloLiquefaciens
60 Laa RNA translation products
60 Laa RNA translation PMSF (2 mM) present
60 Laa RNA sample immunoprecipitated
as for 9. with PMSF (2 mM) present
t35sl-rnethionine rabelled curture supernatant proteins
of. B. amyLoLiquefaeiens
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(arrowed ín Figure 3.6). The posítion of this product relative

to the culture supernatant enzyme is consistent with it being

a precursor product, not processed in lu}:re in uityo system.

The lower molecular weight products may possibly be related

alsor ês breakdown Products.

In Figure 3.6 it can be seen that there is also a

faintly precipitated product running below the neutral

protease. This could conceivably be an incomplete neutral

protease since it had been noted earlier that the antiserum

weakly cross-reacted with the culture supernatant neutral

protease. In control trials, the antiserum precipitated

nothing from translations in which no RNA was added (ie.

control translation Products) .

The strong immunoprecipitation of a translation product

running just above the alkaline protease was a very encour-

aging resutt. However, an unexpected result was the finding

that 60 Laa RNA gave rise to a weaker band of this prod'uct

than that directed by 75 Haa RNA. From all the earlier

studies the reverse would have been expected. In the total

translation products, of the two RNA samples, there is no

significant difference in intensity between the products of

this mobility.

It had been noted in earlier work that the total products

from 60 Laa RNA always appeared slightly "fuzzy" on an auto-

radiogram when compared to 75 Haa RNA. This problem was

largely overcome by boiling samples immediately after trans-

lation in SDS-gel loading buffer as described in Methods,

Chapter 2. The possibility arose that proteolytic breakdown

of translation products was occurring, perhaps due to the
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synthesis of an active protease during translation.

Love (1981) showed that the serine protease inhibitor

pMsF, when added at 2 mM final concentration, completely

eliminated alkaline protease activity in the culture super-

natant of B. amALoLiquefaciens. This inhibitor was tried

at various levels in preliminary translation experiments,

but appeared to have no effect on the quality of translation

products. Levels above 5 mM interfered with the translation

assay itself, resulting in drastically reduced incorporation
2tr

of ["S]-methionine into TCA precipitable material. PMSF has

been shown by Sekar & Hageman (L979) to react with at least

L4 different proteins in B. subtiLis extracts and 15 in rabbit

liver extracts, and is therefore to be used with caution in

these types of exPeriments.

In early immunoprecipitation trials the discrepancy

between the intensities of the immunoprecipitates of the

two RNA samples was also noticed. It is possible that over

the long time period of the immunoprecipitation reaction,

significant breakdown of translation products may occur.

Since in 60 Laa RNA we expect more mRNA for alkaline protease

than in 75 Haa RNA, then translation of this RNA into active

products may result in increased breakdown (also including

autod.igestion) in the 60 Laa RNA sample when compared to the

75 Haa RNA products. This could help to explain the "fuzziness"

commented on previously and also the puzzling result of the

immunoprecipitation trials .

Therefore, in the experiment described in Figure 3.6, in

one set of samples PI,ISF was maintained throughout at 2 \rtYI,

final concentration. Again, this protease inhibitor appears



74.

to have no effect at a concentration shown by Love (1981)

to deal very effectively with the culture supernatant

alkaline protease.

It is perhaps worthwhile to mention again here that

the central aim of this work was to produce a probe suitable

for use in isolation of the alkaline protease gene of B.

amyLoLiquefaeiens. We have, in the translation products of

75 Haa RNA, a prominent product related by immunoprecipitation

to the alkatine protease, and of a size consistent with it

being a precursor product of this enzyme. üIhile according to

the hypothesis discussed in Chapter I we expect significantly

more mRNA for protease in the 60 Laa RNA sample, Lt:e ín uitro

work presented here does not positively indicate this' nor

can \47e assume it to be the case.

The most reasonable approach then, to obtain a suitable

probe for isolation of the gene of interest' \^las to partially

purify mRNA for the appropriate translation product from 75

Haa RNA. While the capacity of log phase cells of B. amALoLi-

quefaeiens for rifampicin-insensitive protease production has

been shown to be exhausted by incubation of cells fot 75

min in high amino acids medium, a basal tevel of production

always occurs, the mRNA for which appears to be translated in

the E. coLi cell-free sYstem.

3.10 PEPTIDE MAPPING OF TRANSLATION PRODUCTS DIRECTED BY

B. AMYLOLTSUEFACIENS RNA

Prior to proceeding with fractionation of

amyLoLíquefaciens, the translation products

the RNA of

in the regionB
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of the culture supernatant alkaline protease were examined

bypeptidemappingusingVsproteaseessentiallyasdescribed

by CleveLand. et aL. Í977). The mapping experiments were

carried out by Dr. R. Orconnor in this laboratory. They

involved excision of a section of the first dimension gel con-

taining products in the region of the alkaline protease and

digestion with Vg protease in a second ge1 as described'

(Bord.ier & Crettol-Jarvinen, L97g) . t35Sl -methionine labelled

culture super.natant alkaline protease was subjected to the same

procedure. The details are given in Figure 3.7. Tndicated in

the figure are the vg protease peptide maps for the alkaline

protease and the major translation products in the size region

of al-kaline protease. It can be seen that a translation product

is present (arrowed, Track 3) which when digested with Vg pro-

tease, results in four peptides of the same size as those result-

ing when the supernatant alkaline protease is digested in the

same manner (arrowed, Track 4). vg mapping directly of immuno-

precipitated products was attempted but insufficient material

was available to give a visible result'

This mapping result lends support for the presence of a

translation product related to the alkaline protease, in the

total products resulting from the translation in the E. eoLi

ceII-free system of RNA isolated from B. amyLoLíquefaeiens '

The following work describes partial purification of the

mRNA for this product for use as a probe in isolation of the

alkaline protease gene.

3.11 SUCROSE GRADIENÎ FRACTIONATION oF B. AMYLOLTSUE F¿CTEil^s RNA

It was important to fractionate the desired mRNA as much

as possible prior to use in the synthesis of a cDNA probe'

Total RNA isolated from B. amyLoLiquefaeiens' as hlas seen by



FIGURE 3.7

V8 ?EPTIDE MAPPING OF TRANSLATION PRODUCTS IN

THE REGION OF THE SUPERNATANT ALKALINE PROTEASE

75 Haa RNA (100 Ug) isolated as described in Methods,
Chapter 2 was translated in the E. coLi cell-free system
and the products electrophoresed_gn a 12.5? polyacrylamide
gel. elso electrophoresèd was t35sl-methionine-ta¡èttea
culture supernatant marker proteins. Gel pieces containíng
proteins in the size region of alkaline protease weïe
excised from this first dimension gel and mapped using V8
protease in a second gel (153 polyacrytamide) as described
by Bordier & Crettol-Jarvinen (1919). This second ge1,
shown here, was processed by fluorography and autoradio-
graphed.

TRACKS

l35Sl-methionine labelled cul-ture supernatant proteins
of B. unALctLiquefaeiens
75 Haa RNA total translation products
V8 mapping of translation products in the region of
alkaline protease
V8 mapping of culture supernatant alkaline protease
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gelanalysis,iscomposedpredominantlyofribosomalRNAIs.

It was obviously desirable to remove as much as possible of

these RNA sPecies.

RNA isolated from cells incubated for 75 min in high

amino acids medium was chosen for fractionation becauser âS

was discussed in Section 3.9, this RNA preparation was shown

(paradoxicatly) to direct the most abundant synthesis of

translation products demonstrable by immunoprecipitation to

be related to the alkaline protease of B. amALoLiquefaeiens '

The use of RNA isolated from cells incubated in high amino

acids medium also provides the following advantage' Methyl-

mercury geI analysis, of RNA preParations isolated over a time

course of incubation in high amino acids followed by low

amino acids medium, indicated that prolonged incubation in low

amino acids medium resulted in extensive breakdown of the rRNA

species into smaller molecular weight materials. This is

consistent with the occurrence of a degree of "Shutdou/n" of

cellular functions in response to conditions of amino acid

depletion, which does not occur during incubation in high

amino acids medium. The use of 75 Haa RNA therefore minimizes

the contamination of mRNA with rRNA breakdown products. There-

fore in the work to follow, unless otherwise mentioned, the

RNA isolated from cells incubated for 75 min in high amino

acids medium was used.

The size of the mRNA required for the alkaline protease

was calculated to give a Svedberg value of approximately I3S'

(O'Connor, 1978). Gradient analysis of RNA isolated from

cells at various stages during oscillation of the apparent

protease mRNA pool carried out by OrConnor (1978) showed a

13S RNA peak, the size of which oscillated in concert with

the apparent pool of mRNA. This region of the gradient was
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therefore likely to contain the mRNA of interest, although

as discussed previously, the changes in apparent pool size

hTere not demonstrable by in uit?o translation.

As a starting point the B. amaLoLíquefaeiens RNA was

fractionated using the same gradient system as that used

by o'connor (1978). In my hands this resulted in a typical

profile as shown in Figure 3.8. This profile is somewhat

different from those obtained in the previous work, and may

reflect the different RNA preparation procedures used' Five

broad RNA fractions were taken and RNA from each fraction

translated in the E. coLi cell-free system. Tracks 6, 7, 8

and 9 of Figure 3.3 show the translation products of four typi-

cal RNA fractions obtained using this sucrose gradient

system. The results of this translation experiment indicated

that mRNArs for the various products \47ere broadly spread

across the entire gradient.

This poor fractionation may reflect the fact that this

gradient system was non-denaturing in character. Therefore

a more stringent fractionation system was sought.

An alternative gradient system was tried which employs

formamide aS a denaturing agent. The gradients are run in 702

(v/v) formamide and a linear gradient of sucrose from 53 (w/v)

Lo25s"(w/v)asdescribedinMethodsrChaper2'Figure3'9

shows a typical profile of RNA run on this gradient system

and fractionated as indicated. It is perhaps worth noting

here that prior to loading on these gradients the RNA samples

were denatured with methylmercuryr âs described in Methods'

chapter 2. This was shown in preliminary work to improve the

fractionation, and was therefore carried out routinely'



FIGURE 3.8

SUCROSE GRADIENT OPTICAL DENSITY PROFILE OF

B. AMYLOLTSUEFACTENS 75 HAA RNA

75 Haa RNA was prepared and 200 pg centrifuged on a
10-408 sucrose density gradient for 16 h, 4"C at 34'000
rpm and the gradient hand fractionated as indicated.
Details of all preparations and procedures are Provided
in Methods, Chapter 2. The opt,ical density profile
(254 nm) is shown.



O
pt

ic
al

 D
en

si
tY

 Q
S

qn
m

)



FIGURE 3.9

FORMAMIDE-SUCROSE GRADTENT OPTICAL DENSITY

PROFTLE Oî B, AMYL)LT?AEFACTENS 75 HAA RNA

75 Haa RNA was prepared, 200 pg centrifuged on a 5-252
sucrose density gradient containing 702 formamide for 22 h,
20oC at 371000 rpm, and the gradient hand fractionated as
índicated. Details of all preparations and procedures are
provided in Methods, Chapter 2. The optical density profile
(280 nm) is shown.
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Methytmercurygelanalysiswasearriedouttoexaminethe

effectiveness of the fractionation. As can be seen in the

photograph of Figure 3'IO, Lhis gradient system allows

distinct fractionation of the total RNA. Translation of each

RNA fraction demonstrated that essentially aIr the *RNA for

the products of interest is contained in Fraction 2 RNA' The

RNA of this fraction (which is in the region of 13 S) is of

a síze consistent with the previous work of o'connor (1978) 
'

andrepresentsaconsiderableenrichmentofthemRNAof

interest as most of the rRNA has been removed'

ItisofinteresttocomparetheprofilesofRNA

fractionated in the different gradient systems' The additional

peak seen between the 4 s RNA and t6 s RNA peaks in the non-

denaturing gradients (Figure 3.9) is absent for the most part

in the denaturing formamide gradient profile (Figure 3'10) '

preliminary work indicated that this peak is also reduced by

brief heat treatment of the RNA prior to loading, and also

by including 0.5? 1w/v) SDS in the non-denaturing gradients'

The 16 S and 235 rRNA peaks are also of different size in the

two gradient systems, the 23 S peak being reduced in the

denaturing gradients'

This information tends to suggest that much of the RNA

in the peak between 16 S and 4 s is due to aggregates of

RNA' possibly rRNA breakdown products, which are largely

removed by the use of denaturing conditions in the gradient

fractionation. The importance of employing these denaturing

conditions in the fractionation of the RNA is emphasised by

the above findings.

ItI^TaSofinteresttoseewhetherthisenrichedmRNA



FIGURE 3.10

AGAROSE-METHYLMERCÜRY GEL ANALYIS OF FORIVIAMIDE-

SUCROSE GRADIENT FRACTIONS OF 75 HAA RNA

IO ug of each of the formamide sucrose gradient RNA
fractions obtained as described in Figure 3.9 were electro-
phoresed on a IB agrarose gel containing 5 mM methylmercury
hydroxide as described in Methods, Chapter 2-
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fraction could be further purified for the translation

products of interest.

Finer fractionation of these denaturing gradients was

attempted. However, recovery of RNA and translation was

poorr âs the size of the fractions became smaller. The

accuracy of fractionation was not sufficient to allow pooling

of small volumes from different gradients. The broad fract-

ionation as shown in Figure 3.10 could be carried out repro-

ducibly on a preparative scale. Further fractionation of

the enriched mRNA obtained in this manner was attempted using

preparative ge1 electrophoresis as described in the following

section.

3.L2 PREPARATIVE METHYLMERCURY GEL ELECTROPHORXSIS OF THE

ENRICHED mRNA FRACTION

Agarose-methylmercury gels had been used previously as

an analytical tool for examining B. amyLoliquefaciens RNA

samples. It was decided to run the enriched mRNA fraction-

ation obtained by formamide gradient (Fraction 2, Figures

3.9 and 3.10) preparatively on such a methylmercury 9el, as

described in Methods, Chapter 2, and by slicing the gel

appropriately, further fractionate the RNA for recovery and

translation.

In the first trials, I0 ug of the enriched mRNA was

loaded onto each of two tracks and six slices of about 2 mm

thickness made down the gel starting from a 16 S RNA marker.

Recovery of RNA from the gel slices was attempted using an

electroelution procedure (Symons, L9781 . However, this
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method failed to yield significant amounts of translatable

RNA as judged by assay in the E. eoLi cell-free system.

These trials were repeated, using low melting

point agarose in the gets and extraction of RNA from the ge1

slices as described in Method.s, Chapter 2. This method was

found to give reproducible results and significant recovery

of translatable RNA. Figure 3.1I shows a typical result in

which a quarter of the RNA extracted from each gel slice was

translated in the E. eoLi cell-free system. The mRNArs in

the enriched 6RNA preparation, (gradient Fraction 2 RNA,

Track t), are further separated out using this technique. In

particular, slice 4 RNA contains almost all the mRNA for the

translation products of interest, in the region of the culture

supernatant alkaline protease of B. amyLoLiquefaeiens (arrowed) '

This partially purified mRNA of slice 4 is suitable for

use in synthesis of a cDNA probe. This slice is well separated

from the 16 s RNA on the gel and will therefore contain mini-

mal rRNA. The further use of this partially purified mRNA

fraction is described in the next Chapter'

3.13 DISCUSSION

The work described in this chapter has demonstrated by

the criteria of immunoprecipitation and peptide mapping that

translation products related to the extracellular alkaline

protease are synthesised in the E. coLí cell-free translation

system in response to nRNA isolated from B. amyLoLiquefaeiens'

During this work it became clear that the proposed pool

of messenger RNA for protease could not be demonstrated by

physical analysis of RNA isolated under conditions in which



FIGURE 3.1I

TRANSI,ATION PRODUCTS DIRECTED BY AGAROSE.METHYL-

MERCURY GEL FRACTIONATED RNA IN THE ¿" COLT CELL-

FREE SYSTEM

Gradient Fraction 2 RNA (10 ug) obtained as described
in Figure 3.9 rtlas electrophoresed on each of two Tracks
of a lE 1ow-melting-temperature-agarose gel containing
5 mM methylmercury hydroxide as described in lvlethods,
Chapter 2. Using 75 Haa RNA (I0 ug) in adjacent Tracks
to provide rRNA markers, 6 gel slices of approximately
2 mm in width were excised from the gel, (downwards 1-+6
from the 16 S rRNA marker) across the Tracks containing
the Fraction 2 RNA. The RNA was extracted from the gel
slices as described in Methods, Chapter 2t and dissolved
finally in 20 yl of water. 5 ul (L¿ of each sample) was
translated in the E. eoLí ce1l-free system. Gradient
RNA Fraction 2 [0 pg was also translated, and the samples
electrophoresed on a 12.5å polyacrylamide gel which was
processed by fluorography and autoradiographed. Details
of al1 preparations and procedures are provided in Methods'
Chapter 2. IJ5s]-methionine labelled culture supernatant
proteins of B. amALoLiquefaeíens were used as markers and
the major enzymes are labe1led.

TRACKS of translation products directed by:
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thepoolisproposedtobelargeorsmall.Theproposed
pool is also not readily demonstrable by qualitative or

quantítative dífferences in the translation products of RNA

isolated under "high" or "lo\n¡" proposed pool conditions'

A translation product of slightly slower mobility

(ín the sDS gel system) than native alkaline protease was

shown by immunoprecipitation and peptide mapping to be a

likety candidate for a precursor form of this protein. As

detailed in section 3.10, a somewhat p:uzzting and discon-

certing result is the relative decrease of this species in

immunoprecipitates of total translation products directed

by messenger RNA isolated from ce1ls incubated in low amino

acids medium (i.e., 60 Laa RNA) when compared to the immuno-

precipitates from the products directed by messenger RNA

isolated from cells incubated in high amino acids medium only

(ie., 75 Haa) . This seems to be the reverse of the situation

we would predict on the basis of our earlier work' That is,

RNA isolated from cells incubated in high amino acids as

described in section 3.5 would be expected to contain less

mRNA cod,ing for protease than RNA isolated from cells optimized

for the ,'pool" by incubation in low amino acids medium.

V,fork to be described in later chapters indicated that

the ¡RNA for alkaline protease is indeed more abundant in the

60 Laa RNA preparation. However, this was not evident from

the experiments presented here. At this stager ês discussed

in Section 3.10, in this ín uitz'o workr wê cannot assume that

our pool hypothesis is correct, and therefore, further

fractionation of the mRNA was conducted, using as starting

material RNA readily demonstrable to contain mRNA coding for

translation products related to the alkaline protease.
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Fractionation of this RNA by gradient analysis and

preparative gel electrophoresis resulted in isolation of

a fraction greatly enriched for the translation products

of ínterest. The following chapter describes the use of

this partiatly purified mRNA in synthesis of a cDNA probe

for use in screening a genomal tibrary of B. amyLoLiquefaciens

DNA.



CHAPTER FOUR

ISOLATION FROM A GENOMAL LIBRARY OF B. AMY LOL I SUEFAC TEÀ75 DNA

OF A PUTATIVE ALKALTNE PROTEASE CLONE
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4.L INTRODUCTION

The previous Chapter deatt with the isolation of mRNA

from B. amyLoLiquèfaciens and translation of this messagie

in a celI-free system derived from E. coLi. using the

techniques of immunoprecipitation and peptide mapping

translation products have been identified, which, by these

criteria are related to the alkaline protease of B. amALoLi-

quefaciens.

Fractionation of the RNA of B. amaLoLíquéfaeíens as

described in Chapter 3, resulted in partial purifícation of

the messenger RNA for a related translation product which

has a molecular weight a little larger than the culture

supernatant alkaline protease. As mentioned previously'

the main aim of this work was to provide a probe suitable

for use in isolation of the gene for the alkaline protease

of B. amALoLiquefaeiens.

Construction of cDNA clones using the enriched messenger

RNA as a starting material was considered as a cloning

strategy. This approach is often used in isolating genes

from eukaryotic organisms which in general, have genomes

many times larger than a prokaryote genome. Given the

comparatively small size of the bacterial genome (a single

chromosome, which in the case of B. amALoliquefacíens is

approximately 45OO Kb in size), construction of a genomal

library is a relatively simple undertaking. It was therefore

decided to set up a genomal library from B. amyLoLíquefaciens

chromosomal DNA and to screen it directly using as a probe,

cDNA synthesised from the partially purified messenger RNA

fraction. This work is presented in this chapter.
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4.2' CONS TRUCTION OT' A GENOIUA-L LIBPÀRY OF

B. AMYLOLTSU EFACTENS DÑA

colony libraries have been constructed using plasmid

vectors in E. coLí for a number of prokaryote organisms.

These include colony banks for B. subtiLís 168 (RapoporL et

aL. IgTg), Beneekea haxoeyi (Lamfrom eÚ dL., 1978) and E.

coli (Clarke & Carbon, L976) . The most commonly used pro-

cedures for preparing genomal DNA for cloning are random

shearing and use of the poty (dA'dT) "connector" method of

Lobban & Kaiser, (1973) ¡ or partial restriction digestion of

the DNA prior to ligation into the plasmid vector of choice.

Starting with genomal DNA of high molecular weight, the aim of

these procedures is to obtain DNA fragments randomly repre-

sentative of the genome, of a size suitable for cloning into

the vector system chosen.

Construction of a colony library of B. amALoLiquefaeiens

DNA in E. eoLi using the plasmid vector pBR322 was chosen as

this system was well characterised and readily available'

Using the þrobability calculation of Clarke & Carbon (L976) |

assuming the fragments cloned are I0 Kb in length and the

desired gene approximately I Kb, it was estimated that in a

colony library of 1500 clones, the probability of finding the

desired gene intact is 952-

The following work describes the construction of a

colony library of about 2000 clones for initial screening

using the enriched mRNA, prepared as described in Chapter

3, as a probe.
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4.3 ISOLATION 'OF C,TIROMOSOMAL DNA T'ROM

B. AMYLOLTS,UEFAClENS

Chromosomal DNA of high molecular weight is requíredr âs

mentioned, for the construction of a colony library represent-

ative of the B. amALoLíquefaeiens genome. To provide this

material, chromosomal DNA was isolated from 240 mls of an

LF- strain culture of B. amALoLiquefacíens as described in

Methods, Chapter 2. Protoplasts \^7ere formed initially to

facilitate gentle disruption of the cells during protease K

treatment.

A sample of the DNA isolated by this procedure v/as

analysed on a I? agarose gel (as in Methods, Chapter 2) using

as markers HíndTLL digested ), DNA, and was shown to be in

excess of 30 kilobases in length'

4.4 PARTIAÏ, DIGESTION AND SIZE

FRACTIONATION OF THE DNA

DNA of about 10 kilobases in length was considered a

suitable size for construction of a colony library in E. coLi

in the plasmid vector peXZZZ. To construct a library with as

near as possible a random collection of clones rePresentative

of the entire genome, cloning of randomly sheared DNA fragments

is the procedure of choice-

Attempts to shear the preparation of B. amyLoLiquefacíens

DNA to a size suitable for cloning in pBR322, using stand'ard

procedures were unsuccessful.

An alternative method for preparing DNA of a suitable

size for cloning is the use of controlled partial digestion
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r^rith a restriction endonuclease known to cleave the DNA

frequently. The restriction enzymes r^¡ith "4-base" recognition

sequences are useful for this purpose. An example of the use

of this approach was the construction of a library of B.

amyLoliquefacíens DNA in B. subtiLís (Pa1va, L982) , which

enabled isolation of the B. amAloLíquefacíens cr-amylase gene

as r4ras discussed in Chapter 1.

Random fragments of DNA are generated by partial

cleavage of the starting material using various amounts of

enzyme and various times of incubation, and the size of

fragrnent required for cloning selected.

As a rough approximation, a restriction enzyme with a

"4-base" recognition sequence will cleave DNA on an average

of every 256 bases. By selecting cleaved material 10 Kb

in length, approximately one in 40 sites on average have

been cleaved.

An advantage of this approach is that secondary mod-

ifications to the DNA prior to ligation into the plasmid

vector (such as the addition of linkers or tails) required

when sheared DNA is used, can be avoided.

In preliminary trials, the DNA of B. amyLoLiquefaeiens

was digested with a range of different "4-base" restriction

enzymes, using various amounts of enzyme in the reaction

mixes and for various incubation times. The standard

conditions for restriction digests are given in Methods,

Chapter 2.

The restriction enzyme Sau3A proved to be the most

reliable and amenable to controlled digestion. It is also

convenient in that DNA fragments with Sau3A cohesive ends

can be directly ligated into L}te BamHI site of the plasmid
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vector pBR322.

To generate DNA fragments for clonitg, cleaved as far

as possible in a random manner, four different preparative

Sau3A digestions \^¡ere carried out, using the conditions

determined in the analytical trials conducted previously.

These are described in Table 4.L. The partialty digested

DNA was electrophoresed on a 1? Iow melting point agarose

get as described in Methods, Chapter 2, briefly stained with

ethidiun bromide to visualise iutre HindIfI digested À DNA

markers, and the DNA of molecular weight approximately 8 - 12

Kb cut out and isolated from the low melting point agarose

as described in Methods, ChaPter 2.

4.5 CONSTRUCTION OF THE GENOMAL LIBru\.-RY

OF B. AMYLOLISUEFACIENS DNA

samples of the 8 - L2 Kb, partially digested DNA were

ligated into BamHI cleaved plasmid pBR322. The details of

the ligation reaction and preparation of the vector are

given in Methods, chapter 2. Insertion of a DNA fragment

into lJne BamLl site of pBR322 results in insertional-inact-

ivation of the tetracycline resistance giene carried on this

plasmid. The ligated material was used to transform competent

cells of E. coLí strain IvlClO6I as described in Methods, Chapter

2, and the transformants selected by plating on Luria broth

agar plates containing 50 vg/mL ampicillin'

A colony library in excess of 2000 clones was obtained'

þhe platings of transformants being done at a colony density

which allowed direct selection of individual clones). Each

colony was picked and. placed in an order array on fresh plates



TABLE 4.L

PARTIAL SAU3 A RESTRICTTON DTGESTION AND STZE

FRACTTONA TION OF B. AMYLOLTSUEFACT¿'flS DNA

Digest I 2. 3 4

ug B. amALoLiquefaeíens DNA 20

Sau3A (units) 1

incubation time (min) 2

20 20

I

10

20

2I

5 2

Four 30 Ul reactions composed as above using conditions
for the restriction endonuclease Sau3A as described in
Methods, Chapter 2 where incubated at 30"C for the times
indicated. The digests were electrophoresed on a I? low
melting temperaturè agarose gel and using HindfT-I-digested
À DNA ás markers, the region of the gel corresponding to
digested B. amyLoLiquefaeiens DNA of approximately.8-I2 Kb
waé excised aná the DNA isolated from the low melting temp-
erature agarose. (Details of all preparations and procedures
are proviáed in Methods, Chapter 21. (This DNA was used as
desciibed in Section 4.5 in õonstruction of a genomal library) .
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containing ampicillin or tetracycline. The vector had been

treated with calf intestinal phosphatase to reduce self-

ligation, and over 8OU of the ampicillin resístant trans-

formants were shown to be tetracycline sensitive. There-

fore these clones, approximately 2000 in aII, carry a

fragment of B. amALoLíquefaeiens DNA \^tithin the plasrnid pBR322

(i.e. recombinant plasmids). To check the insert size of

these clones, minipreparations of plasmid DNA from twenty

colonies selected at random \^tere carried out. Restriction

analysis showed that all ptasmids carried inserts of at least

B Kb.

It had been estimated previously that a library of about

1500 clones, each with an insert size of approximately 10 Kb

would be sufficient to cover the genome of B. amyloLíque-

faeiens, with a high probability of containing a given region

of I Kb in length.

The library of about 2OO0 clones constructed' above \^¡as

used in screening for the alkaline protease gene

of B. amALoLíquefacíens. Glycerol stocks of aII clones vrere

prepared and stored in 96 well trays as described in Methods,

Chapter 2.

4.6 SCREENING OF THE B. AMTLOLIS UEFACIENS DNA LIBRARY

WI TH A RANDOM-PRIMED CDNA PROBE

The library of approximately 2000 clones was re-picked

from the ordered master plates and the colonies grown on

circular nitrocellulose filters placed on fresh ampicillin

plates. The colony filters were prepared for screening

using the procedure of Grunstein & Hogness (1975), with
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modifications as described ín Methods, chapter 2.

The hybridisation probe used for screening was random

primed cDNA prepared as described in Methods, Chapter 2, using

the partially purified messenger RNA, fraction 4, prePared as

described in Section 3.11 of Chapter 3. This RNA material

\^ras confirmed by translation analysis to contain the trans-

lation products of interest (see Figure 3.11) '

Figure 4.L shows an autoradiogram of a selection of the

nitrocetlulose filters and gives the details of the hybrid-

isation and washing conditions used. Each filter represents

96 individual clones in duplicate in an ordered array.

Colonies showing hybridisation to the probe with varying

degrees of intensity can be seen in the autoradiogram as

indicated.

From all of the filters screened (i-e. the complete

tibrary) 28 positives of varying strength of hybridisation

signal were obtained. These were picked onto a fresh master

plate for further screening and glycerol stocks prepared

for storage as described in Methods, Chapter 2'

4.7 NEGATTVE S CREENING OF POSITTVE RECOT{BINANTS

VTITH RIBOSOMAL RNA PROBES

The twenty-eight positive recombinants obtained were

re-screened as described-in Section 4.6 using this time as a

probe random primed cDNA made from the ribosomal RNA's of

B. amyLolíquefaciens. The mRNA preparation used in the

initial screening is likely to contain an amount of broken

down rRNA which will contribute in the cDNA probe synthesis'

Therefore to reduce the number of positives to be screened



FTGURE 4.L

SCREENING OF THE COLONY T,IBRARY OF B. AMYLOLÏ-

S.UEFACTENS DNA V'TI TH THE RANDOM-PRIMED CDNA PROBE

Nitrocellulose f ilters-$¡er:-e prepared from the colony
library of B. amALoliquefaciens DNA constructed as described
in SecLion 4.5 and Methods, Chapter 2. The library was
screened by hybridisation with iandom-primed cDNA synthesised
using partially purified mRNA Fraction 4 of B. amyLoLique-
faciens as described in chapter 3, section 3.1I. Prepar-
âtion of the random-primed cDNA and the nitrocellulose
filters and the hybridisation and washing conditions used
to screen the filters are given in Methods, Chapter 2.
After washing, the filters were air dried and autoradio-
graphed for 2 d.ays at -80oC. Shown are the results for
éi_x- fifters, each comprising 96 individual clones in
duplicate. The positive clones selected are indicated.
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initially in the next stage, those clones hybridising with

ribosomal RNA can be set aside for the time being.

The ribosomal cDNA probe was preparedr ês follows. The

two species of ribosomal RNA (16 S and 23 S) were purified

as single bands from a preparative low melting point agarose

methytmercury gel of total B. amyLoLiquefaciens RNA. Random

primed cDNA was made from each rRNA species in two separate

reactions and equal amounts of 32p-.o*o from each reaction

combined to form the ribosomal probe. The details of the

above procedures are provided in Methods, Chapter 2.

Figure 4.2 shows the result of the screening of the 28

positives with the ribosomal probe. A1l but nine hybridise

strongly with cDNA made to purified rRNA.

4.8 CHARACTERISAÎION OF POSITIVE RECOMBTNANT CLONES

BY HYBRTD-SELECTION TRANSI,ATION

A means for identifying clones related to particular

messenger RNA's is provided by the technique of hybrid

selection translation. In this procedure, Ëhe cloned DNA

of interesÈ is used to "select" by hybridisation, the mRNA

with which it corresponds. The mRNA can then be recovered

and characterised, by translation assay. Examples of the use

of this technique in the isolation of specific mRNArs are

Provided by Ricciardi et aL. (1981) and Bozzoni et aL. (1981).

A procedure based on these examples was developed for

the further characterisation of the positive clones obtained

in Section 4.7, the details of which are provided. in Methods,

Chapter 2. Initially, the nine non-ribosomal clones obtained

were chosen for immediate screening using this hybrid



FIGURE 4.2

SCREENING OF THE 28 POSITIVES WITH THE RIBOSOMAL

RNA PROBE

A nitrocellulose filter of the 28 positives obtained
from the--fi-rst round screening-of the colony -library as-
described in Section 4.6, was prepared as described in
Figure 4.L and Methods, Chapter 2. The filter was hybrid-
ised with the rRNA probe prepared as described in Methods'
Chapter 2, as detailed in Figure 4.I, and autoradiographed.
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selection translation technique. The hybrid selection procedure

requires the use of 20 40 Ug of plasmid DNA from each clone'

However, two of the nine clones would not grow in liquid

culture, suggesting some inherent instability in these clones'

several lower amounts of ampicillin were tried than that used

in the standard ptasmid Preparation method, and even growth

in the absence of the antibiotic, with no success. There-

fore it was decided to proceed with plasmid DNA preparations

of the remaining seven clones (designated I '> 7) '

Plasmid DNA from these seven cl0nes was bound' to small

nitrocellulose millipore filters and hybridised with total

RNA of B. amyLoLiquefaciens. After washing to remove RNA

not tightly bound, the remaining RNA still bound to the

filters was eluted and prepared for translation' The details

are qiven in Methods, ChaPter 2.

Each RNA sample was translated in the E. coLi ce1l-free

system along with the appropriate controls. Figure 4-3 shows

the result of the experiment when RNA isolated from B' amyLoLí-

quefaeiens cells incubated for seventy-five minutes in high

amino acid.s medium (i.e. 75 Haa RNA) was used. The result

\^ras qualitatively the same when 60 Laa RNA was used. The

characteristics of these RNA preparations \^Iere discussed in

detail in ChaPter 3.

The autoradiogram of the hybrid selection-translation

trial presented in Figure 4.3 shows that clones selecting

three of the four major translation products in the region

of the alkatine protease have been obtained as indicated. of

particular interest is clone 5, which strongly selects a

translation product which comigrates on sDS gels with a

translation product shown in chapter 3 to be specifically



FIGURE 4.3

HYBRID SELECTTON TRANSLATION ANALYSIS OF

RECOMBINANTS: TRANSLATION PRODUCTS DIRECTED

BY HYBRID SELECTED MRNA FRO¡4 POSITIVE CLONES

L+'l , IN THE E. COLT CELL-FREE SYSTEÙI

Nitrocellulose filters were prepared, each with 40 Ug
of ptasmid DNA from clones I-7 and hybridised with 200 ug
of 75 Haa RNA (prepared as described in Chapter 3) using
the hybrid-selection technique detailed in Methods, Chapter
2. The hybrid selected RNA was eluted from the filters and
translated in the Z'. eoLí cell-free system. 7 5 Haa RNA was
also translated. Samples of the translation products were
elpctrophoresed on a L2.58 polyacrylamide gel (also l47ith
["tS]-mèthionine labelled culture supernatant proteins of
B. amyLoLiquefaeiens as markers) and the gel autoradio-
graphed after processing by fluorography. Details of all
preparations and procedures are provided in Methods, Chapter
2.

TRACKS

I t35sl -methionine trabelled B. amyLoLíquefaciens culture
supernatant proteins
75 Haa RNA total translation products
Clone I hybrid selected mRNA products
Clone 2 hybrid selected mRNA products
Clone 3 hybrid selected mRNA products
Clone 4 hybrid selected mRNA products
Clone 5 hybrid selected mRNA products
Cl-one 6 hybrid selected mRNA products
Clone 7 hybrid selected mRNA products
t35sl -methionine tabelled B. amyLoLiquefaeiens culture
supernatant proteins
No added RNA (control products)

a-amylase
neutral protease
alkaline protease

2.
3.
4.
5.
6.
7.
8.
9.
10.
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immunoprecipitated with the antisera to the culture super-

natant alkaline protease. As was mentioned, the result was

the same when 60 Laa RNA was used in a repeat hybrid

selection experiment, although the immunoprecipitation of

the corresponding translation product was shown in Chapter

3 to be relatively weak when compared to that of the 75 Haa

RNA translation product. A possible reason for this is

discussed in Chapter 3.

we therefore have a clone which selects from 75 Haa

RNA and 60 Laa RNA total translation producLs, the same

product (by molecular weight) which is immunoprecipitated

using antisera to the alkaline protease as described in

Chapter 3.

To check that this selected product is immunoprecipitated,

the hybrid-selection-translation experiment v¡as repeated

using Clone 5 plasmid DNA and a sample of the translation

products immunoprecipitated.. Although the result was very

faint, due to the smalt amounts of translated material

resulting from hybrid selection followed by immunoprecipitation,

the antisera specificalty immunoprecipitated this product.

This result is not presented here as it was very Poorly photo-

reproducibte, but nonetheless, indicated that further charact-

erisation of this clone by DNA sequence analysis was required.

That is, the positive conclusion from these hybrid-selection-

translation and immunoprecipitation experiments is that the

clone in question selects for a translation product which is

related by immunoprecipitation to the alkaline protease of

B. amyLoliquefaeiens. Therefore, further characterisation of

this clone (Clone 5) by DNA sequence analysis, \das warranted.
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4.9 RESTRICTION I"IAP?ING AND SOUTHERN ANALYSIS

OF CLONE 5 PI,ASMID DNA

preparatory to DNA sequencing, plasmid DNA Of clone 5

1aras digested with a range of restriction enzymes, which were

probed. by Southern analysis as described in Methods, Chapter

2, using the cDNA probe employed previously to screen the

colony library.
The results of these experiments, showed that in the

HindfII digest, only two small fragments (0.7 Kb and L.7 Kb

in size) hybridised with the cDNA probe. Restriction mapping

showed these two fragments to be linked.

4.10 DNA SEQUENCE ANALYS IS OF THE I.7 Kb AND 0.7 Kb

I1IÀ|DIII FRAGMENTS

These Hind]fl restriction fragments were extensively

sequenced in both directions from the internal Hind'IT'T

restriction site, using the MI3 dideoxy sequencing technique

detaited in Methods, Chapter 2. As a starting point, the L'7

Kb and 0.7 Kb fragments were isolated, cloned into MI3 and

sequenced frorn each end. Sau3A anð, HpaII digests of the HindfII

pieces were then carried out and these fragments isolated'

cloned into Ir{13 and sequenced.

The DNA sequence data obtained was analysed for protein

codíng sequences in all six possible reading frames. Several

regions containing open readings frames were disclosed, how-

ever, none showed amino acid sequence homology with the pub-

Iished sequence of the alkaline protease of B. amyLoLíquefae'Lens -

This was a disappointing and somewhat puzzLj-ng result.



94.

However, dL this stage of the work, an alternative approach

became available, as witl be described in detail in the

following chapter, for the isolation of the alkaline protease

gene; that of the use of synthetic oligonucleotide DNA

sequences as hybridisation probes-

The preliminary work to be described in the next chapter'

using these synthetic probes, showed great promise of achieving

isolation of the specific aene desired.

4.11 RESCRE ENING OF THE POSITIVE RECOMBTNANT CLONES

VüITH THE NEIV SYNTHETIC PROBES

Prior to the use of these new probes (details of which

are given in the next chapter) in the screening of a new

colony library, plasmid DNA of the 26 viable recombinant

clones obtained through the present work were tested by dot

hybridisation for homology with the synthetic probes. It

was thought possible, for example that if Èhe desired gene

\,\las linked to genes for ribosomal RNA| s, that a positive

may have been eliminated by the ribosomal screening carried

out in section 4.7. It is also possible that the hybrid-

selection results were misleading. However, none of the 26

positives showed hybridisation with the new synthetic probes'

To check the hybrid-setection positive clone (clone 5 )

obtained in Section 4.8 more rigourously, restriction frag-

ments of this putative protease clone t^tere screened by

Southern analysis with the synthetic probes. Again the

result was negative. The possibility exists that this clone

is made up of DNA not contiguous in the B. amyLoliquefaeiens

chromosome; for example this could arise thúough ligation of
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two or more Sau3A fragments into a single pBR322 vector

molecuIe. While this possibility seems remote, if it were

the case, then this clone may contain DNA specific for the

protease mRNA, but not containing protein coding sequence.

The contiguity of the DNA in this clone could be checked

by hybridisation back to the appropriate restriction digest

of B. amALoLiquefaciens genomal DNA.

It is also possible that the library constructed here

was not representative of the entire genome of B. amALoLique-

faciens, although measures were taken to try and ensure cloning

of random fragments. Hence the gene of interest may have been

missed. This possibility also seems unlikely.

However in view of the above, a potentially more fruit-

ful and more direct approach, in line with the overall aims

of this work, (that is to isolate the alkaline protease gene),

rlras to pursue the use of the synthetic DNA hybridisation

probes, in the screening of a new genomal library of B.

amyLoliquefaeiens DNA. This work is described in the follow-

ing chapter.

4.T2 DISCUSSION

The work presented in this chapter described the use of

a partially purified mRNA preparation in the screening of a

genomal colony library of. B. amALoLiquefaeíens DNA, with the

aim of isolating the gene for the extracellular alkaline
protease of this organism.

As a result of this work, a clone was isolated which

by the criteria of hybrid-selection-translation appeared to

be related to the gene of interest. However, DNA sequencing
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of this clone did not confirm this.

This result was disappointing and indicated that a

new approach for the isolation of the alkaline protease

gene of B. amALoLiquefaeiens would be required. The

putative alkaline protease clone isolated in this work was

shown using the hybrid-selection technique to select mRNA

coding for a translation product, just larger than the

culture supernatanÈ alkaline protease, which was immuno-

precipitated with antiserum prepared to the culture super-

natant enzyme.

This antiserum was shown in Chapter 3 (Section 3.7) to

react weakly with the culture supernatant neutral protease.

A possible explanation for the above work therefore, is that

the hybrid selected translation product is related (as a

breakdown product) to the neutral protease of B. amALoLique-

faciens. This possibility will be investigated when the

amino acid sequence of this enzyme becomes available.

During the sequencing work described in this chapter

it became possible for me to obtain synthetic probes' one

commercially and one synthesised. in this laboratory, corres-

ponding to different regions of the alkaline protease peptide

chain. As the DNA sequencing results continued. to fail to

produce any expected coding sequence, the attraction of

switching the attack to the use of synthetic probes became

more pressing.

As described in the next chapter' this approach was

successfully adopted. The clone isolated in the present

chapter may well be of some interest, but it was decided to

press on with the new approach and perhaps look at this clone

at some later date.



CHAPTER FIVE

ISOLATION OF THE GENE FOR THE EXTRACELLULAR

ALKALINE PROTEASE OF B. AMY LOLTS,UEF AC IEN S
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5.I .INTRODUCTION

The use of synthetic DNA oligomers as hybridisation

probes has become a powerful tool in the isolation of specific

genes. The work of Wallace et aL. (I98I) has provided a set

of conditions which, with simple modifications, has allowed

their use in the isolation and cloning of genes from a wide

variety of sources. They are short sequences of synthetic

DNA (generally 11 20 nucleotides in length) which can be

used, after end-labelling as direct hybridisation probes

lfor examples see Suggs et aL. t1981l and Stetler et aL.

t1982] ) or as primers for the synthesis from messenger RNA

of extended cDNA copies for use as probes or aS the starting

material for CDNA cloning, (chang et aL., I9B1) . This

technology has been particularly useful in the isolation of

cDNA clones corresponding to low abundance messenger RNArs'

Therefore, if the protein sequence (or part thereof)

of a particular gene product is known, a segment of this

sequence can be used to design a synthetic oligomer for use

in isolation of a sPecific gene.

This chapter describes the use of this approach in the

isolation of the gene for the extracellular alkaline protease

of B. amALoLiquefaciens, and the partiat characterisation of

this gene.

5.2 DESIGN OF SYNTHETIC OLIGONUCLEOTTDES CORRESPONDING

TO THE ALKALINE PROTEASE GENE SEOUENCE

The extracellular alkaline protease of B. amALoLiquefaeiens

(also classified as subtilisin BPN') has been fully sequenced
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(l,tarkland & Smithr L967). It is two hundred and seventy-

five amino acids long and has a molecular weight of 27,534.

The alkaline protease from the strain of B. amALoLiquefaciens

used in this laboratory has been purified to homogeneity

(Love, 1981; O'Connor, personal communication). Protein

sequencing of the first forty amino acids of this enzyme

showed identity with the published sequence (OrConnor,

personal communication), and therefore the entire seguence

can reasonably be used in the selection and design of oligo-

nucleotide probes. The choice of two fourteen-mer sequences

was made after examination of the amino acid sequence of the

protein. Figure 5.1 shows the two mixtures of seguences

selected, along with the region of protein sequence from which

they vùere derived. These two stretches of five amino acids

\¡rere chosen because they involve use of the least possible

number of degeneracies in the amino acid codons.

They are designated as l4-mer t and l4-mer 2 and consist

of mixtures of eight and sixteen oligonucleotides respect-

iveIy.

These synthetic oligonucleotide mixtures were used as

hybridisation probes (as described below) in the screening

of a genomal library of B. amyLoliquefaeíens DNA. The

rationale for the use of two stretches of sequence from

different regions of the protein molecule was to increase

the probability of specific hybridisation with genomal DNA.

That is, when screening a genomal library, depending on the

stringency of washing conditions used, non specific hybrid-

isation of these relatively short oligonucleotide sequences

may occur. The probability of this non-specific hybridisation



FIGURE 5.1

SYNTHETIC OLIGONUCLEOTIDES SPECIFIC FOR THE

ALKALTNE PROTEASE GENE OF B. AMYLOLTQUEFACTENS

I4-mer I Amino acid No.

N-t. . .

mRNA 5'...

cDNA 3r...
(primer)

14-mer 2 Amino acicl No.

N-t...

mRNA 5r...

cDNA 3r...
(primer)

AUG

TAC

iamixtureofSxl4-mer
seguences

238 239 240 24L 242

HIS PRO ASN
U

TRP THR ...C-T

"o3
c4

LL7 1I8

ASN ASN

AAE AAE

*'å r4

119 L20

MET ASP

T2L

vAL ...C-t

GU ...3'

cA ...51

"oE ""1 AAE ucc Ac . . .3 '
G

GGA
G
T
c

GTA
G

TTA ACC TG ...5I
G

a mixture of 16 x l4-mer
sequences
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occurring with both probes to the same fragment of cloned

genomic DNA is small and therefore, clones which show

positive hybridisation to both probes are highly like1y

to be specific f.or the probes used. (This assumes that the

restriction enzyme chosen when constructing a genomal library

does not result in cleavage of the DNA such that the probes

hybridise to different restriction fragments. As will be

seen in the work to follow this has not been a problem).

A final point about the design of the fourteen-mers is

that they \4rere chosen to be complementary to the messenger

RNA strand to enabte their use in primer extension work

should this be necessary (this was found to be the case

see Section 5.6).

5.3 SEQUENCE ANALYSIS OF THE SYNTHETIC FOURIEEN-MERS

The two fourteen-mers described in Section 5.2 were

obtained from different sources as detailed in Materials,

Chapter 2. Prior to use as hybridisation probes they hlere

sequenced using the chemical cleavage techniques of Maxam &

Gilbert (1980) as modified by Banaszuk et aL- (1983) for

sequencing of oligodeoxyribonucleotides and were confirmed

to be as shown in Figure 5.1.

5.4 SOUTHERN ANALYSIS OF B. AMYLOLTSUEFACTENS

DNA USING I4-MERS I AND 2 AS HYBRTDISATION PROBES

To test the fourteen-mers for specificity when hybrj,dised

to genomic DNA of B. amyLoLiquefaeiens, Southern blot analysis

of the DNA digested with HindfTI, EeoRI or Bg Z II was carried out
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as described in Methods, Chapter 2, using the t
32 Pl-

The hybrid-phosphorylated 14-mer mixtures I or 2 as probes.

isation signals from these triats, using various amounts of

digested DNA were faint and the data is not presented here

as the results were not photo-reproducible

However, visual inspection of autoradiograms showed that

in each of the three digests, both 14-mer probes hybridised

to single restriction fragments of the same molecular weight.

The fragment hybridised by both l4-mers in the HindTII digests

vras the smatlest, being approximately 2.6 Kb in size (as

determined using Hindflf digested À DNA markers). This frag-

ment was chosen for cloning.

5.5 SIZE SELECTION OF HTNDT.TÍ DIGESTED

B. AMYLOLTSUEEACTENS DNA FOR CLONING

To prepare material for construction of a neÌ^¡ library

of B. amALoLiquefaciens DNA fragments, the DNA was digested

with HindIIl on a preparative scale and electrophoresed on

a Leo low metting-point agarose ge1 as described in Figure

5.2. Tlne HindIII fragment of interest lies between the

2.26 Kb 4.26 Kb À markers and therefore after staining

to visualise the DNA this region was cut into 4 sections

of equal width and the DNA isolated.

Dot hybridisation of these DNA fractions presented in

Figure 5.2 using 14-mer 1 as probe showed that samples 2 and

3 contained about the same amount of hybridising material,

indicating perhaps some spreading or overloading of the

preparative gel.



FIGURE 5.2

ST.ZE SELECTION AND DOT BLOT ANAT,YSIS OF HÏNDIT.T

DIGESTED DNA OF B. AMYLOLTSUEEACIENS

DNA of B. amyLoLiquefaciens (I20 ug) was digested with
HindIIl in 6 x 40 pl reactions eaeh containing a 2-fold
excess of enzyme for 4 h at 37"C. The digests were electro-
phoresed on a 1å gel made up of low melting temperature
agarose using HindllL digested À DNA as markers, and the
DNA extracted from the 4 appropriate gel slices, and each
fraction dissolved in 20 uI of 0.1 mM EDTA. I pl of each
DNA fraction was used for dot blot analysis (numbered
L-4), and hybridised using t35Sl-phosphorylated l4-mer 1
as probe. The details of all procedures are given in
Methods, Chapter 2.
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However, this sj-ze selection provided sufficient

enriched for 1;ne Hind.IfT fragment of interest for construction

of a netnr library. By carrying out this size selection prior

to cloning an estimated 80% of the DNA is eliminated.

5.6 TRIAL SCREENING USING THE FOURTEEN-MERS

D IRECTLY AS HYBRIDISATION PROBES

As outlined in the introduction to this chapter, the

synthetic oligonucleotides can be used either directly as

hybrisation probes or as primers for synthesis of cDNA using

messenqer RNA as template. Being the simplest, the first of

these approaches \474s tried initially in screeníng a library

(constructed as detailed later in this chapter using the

vector pBR322 ln E. coLi) of the enriched B. amyLolíquefaciens

DNA isolated as described in Section 5.5'

Several attempts were made using various hybrid'isation

and washing conditions to screen a colony library using the

kinased l4-mers as direct hybridisation probes. However'

in aII these trials, background hybridisation to all colonies

was very hiqh and difficult to remove using high stringency

washing conditions. Control experiments also showed strong

hybridisation of the probes to the DNA of. E. eoLi (the cloning

host) and also the DNA of plasmid pBR322 (the vector used in

construction of the library) -

This result was somewhat disappointing and indicated

that the second approach considered, that of primer extension

using the fourteen-mers to prime cDNA synthesis from the

messenger RNA of B. amyLoliquefaeiens would be required.
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5.7 PRIMER EXTENSION TRIALS

rn preparing an extended cDNA probe using the fourteen-
mers as primers it wourd be advantageous to use as template,

an RNA preparation in which the 1evel of mRNA specific for
the alkaline protease is high.

As has been discussed previously (see Chapter 1) earlier
work in this laboratory has demonstrated that by use of
appropriate incubation conditions, the capacity of B. amaLoLí-

quefaeiens cells for rifampicin insensitive protease production

can be modulated.. Although the proposed mRNA pool for
alkaline protease was not demonstrable in the translation work

presented in Chapter 3, differences in mRNA levels may be

demonstrated using the synthetic fourteen-mers in primer

extension reactions using as template, RNA isolated under

various conditions. To test this, two sets of conditions

seemed convenient for RNA isolation (i.e. those used in
Chapter 3) for use in primer extension trials. The two

samples of RNA used were:

(a) from washed cells incubated for seventy-five

minutes in high amino acids medium, after which

time the messenger RNA 1eve1 for alkaline protease

is expected to be minimal designated 75 Haa RNA.

(b) from washed ce1ls incubated as for (a) in high

amino acids medium, then for a further sixty
minutes in low amino acids medium, after which

time the messenger RNA level for alkaline protease

is expected to be high - designated 60 Laa RNA.

ït can reasonabry be predicted that the major specific
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primer extension products resulting when 60 Laa RNA is

used as template will be more abundant than those resulting

from the 75 Haa RNA samPle.

The details of the washed cel] experiments are given in

Methods, chapter 2. The RNA was isolated from whole cells

using the extraction procedure discussed in chapter 3 (section

3.3) and partially purified on formamide-sucrose gradients as

detailed in Section 3.10.

Primer extension reactions htere carried out with each

of the two fourteen-mers, using as template partially purified

messenger RNA (in Fraction 2 RNA' see Section 3'10) isolated

from B. amyLoLíquefaciens cells incubated under the two sets

of conditions detailed above.

preliminary reactions \^¡ere carried out using various

levels of RNA and fourteen-mers in various ratios. The set

of conditions giving the most consistent results are detailed

in Figure 5.3 and in Methods' Chapter 2'

several points can be noted from the autoradiogram of

the primer extension products shown in Figure 5.3. Firstly'

the largest major extension products in Tracks 2, 3, 5 & 6

(arrowed) are more abundant in the 60 Laa RNA reactions

when compared to the 75 Haa RNA reactions. The two major

products synthesised when 14-mer 2 is used as primer are

larger than those resulting from priming with t4-mer 1. This

is consistent with specific priming of both oligomers on the

messenger RNA, I4-mer 2 binding further towards the 3 | end

of the temptate. These major products are in excess of 400

bases in length as estimated from Hínf. digested pBR322 used

as markers in other trials. In the control samples, in which



FIGURE 5.3

EXTENDED CDNA PRODUCÎS USING I4-}ÍERS 1 & 2 AND

75 HAA AND 60 LAA RNA OF B. AMYL)LTSUEEACTENS

Extended cDNA products were synthesised using 0.5 Ug
of the appropriate oligonucleotide primer in reactions
composed and carried out as described in Methods' Chapter
2, wittr 5 ug of each mRNA sample of B. amyLolíquefaeiens
partially purified on formamide-sucrose gradients as
detailed in Chapter 3 ' used as indicated below. 2 Ul
samples of the reactions were electrophoresed on a 6Z poly-
acrylamide sequencing geI containing 7 M urea and autoradio-
graphed for several hours at 4oC. The details of all
procedure are given in Methods, Chapter 2.

TRACKS

I
2

3

4

5

6

75 Haa

75 Haa

75 Haa

60 Laa

60 Laa

60 Laa

RNA no added primer (control)
RNA, 14-mer I
RNA, 14-mer 2

RNA, no added primer
RNA, 14-mer I
RNA, 14-mer 2
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no 14-mer primer was added there is a background range of

cDNA products resulting from self priming. The major pro-

ducts in the other tracks are distinct from those in the

controls, indicating that in the presence of the l4-mers'

specific priming occurs.

This information is consistent with the major products

being specific cDNA extension products from the alkaline

protease messenger RNA. They are large enough to enable

high stringency screening of a colony library which will

alleviate problems of background hybridisation' The presence

of two major products suggests premature termination of

extension at a specific point, perhaps due to secondary

structure formation during the reaction. It may also be due

to priming on two related messenger RNA's. Vühat is import-

ant however, is to test the specificity of hybridisation of

these products prior to screening of a colony library.

5.8 SOUTHERN ANALYSIS OF GENOMAL DNA USING

PRIMER-EXTENDED CDNA

If the cDNA extension products discussed in Section 5'7

are specific for the alkaline protease gene, then in southern

analysis of B. amaLoliquefaeiens DNA, they should hybridise

with the same restliction fragments as \dere detected in the

earlier work using the fourteen-mers directly as hybridisation

probes. To test this the experiments described in Section

5.4 were repeated, using this time the primer extension pro-

ducts from each fourteen-mer when 60 Laa RNA was used aS

templater âs hybridisation probes. These are designated
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cDNA I and cDNA 2.

The results are given in Figure 5.4 and showed that the

same fragments are hybridised to the extended probes as were

detected when the fourteen-mers were used directly. The

specificity of these probes implies that the major products

are related to each other. That is, the mixture of cDNA

products was used as a probe, and resulted in hybridisation
largely to single fragments in each digest. Assuming under

the washing conditions used that only the major products

contribute significantly to the result then it may reasonably

be suggested that they are relatedr âs only a single

restriction fragment is detected.

The result with cDNA probe 1 is very clear, with single

fragments from each digest being detected. The cDNA probe

2 hybridised to other material but also showed strong hybrid-

isation to fragments of the same size in each digest as cDNA

probe 1. This suggests that this hybridisation is specific

for the alkaline protease gene.

This result was very encourag'ing and permitted the

immed.iate screening of a ne\^t colony library. As the extended

material resulting when either primer htas used hybridised to

cotnmon restriction fragments, only one needed to be used for

the initial screening and the material resulting from

extension using l4-mer 1 as primer was used (i.e. cDNA probe

1) as the result was somewhat clearer.



FTGURE 5.4

SOUTHERN ANALYSIS OF GENOIVIAL DNA OF B. AMYLOLÏ-

SAEFACIENS USING PRIMER EXTENDED CDNA's t & 2

PROBES

DIrIA of B. amyLoLiquefaeíens (10 Ug) \4ras digested with
HíndIII, EeoRI or BgLlI. The reactions hrere split into
two and samples loaded on separate Tracks of a 1E agarose
gel and electrophoresed. After transfer to nitrocellulose
the filter was bisected and probed with either cDNA I or
cDNA 2 (synthesised using l4-mer I or 2 and 60 Laa RNA as
detailed in 5.7) and autoradiographed -80"C I h. Details
of a1l reactions and procedures are given in lvlethods,
Chapter 2.

TRACKS

I
2

3

4

5

6

HíndIII digested DNA

EeoRI digested DNA

BgLII digested DNA

Hindfll digested DNA

EcoRI digested DNA

BgLfI digested DNA

cDNA probe I

cDNA probe 2

)
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5.9 CONST RUCTION' AND SCREENING Or' A C'OL'ONY 'LIBTARY USING

A PRIIIIER EXTENDED PROBB (cDNe PROBE 'I)

The enriched B. amyLoLiquefaeiens DNA prepared as described

in Section 5.5 was used to construct a new colony library
by ligation into HindIII digested pBR322 vector and trans-

formation into E. coLi. Four filters, each with several

thousand colonies were prepared for high-density screening

essentially as described by Hanahan & Meselson (1980) and

probed with primer extended cDNA synthesised using the 60

Laa RNA preparation and l4-mer I as outlined in Section 5.7

(i.e. cDNA probe f ) .

The results of the screening are shown in Figure 5.5.

Many strong posiÈive signals were obtained which theoretically,

should represent clones of the same HindITI fragrnent of. B.

amyLoLiquefaeíens DNA, of about 2.6 Kb in size. The use of

high stringency washing conditions has eliminated the problem

of background hybridisation to the colonies on the nitro-

ce1lulose filters, seen in earlier attempts to screen a

library using the I4-mers as direct hybridisation probes.

5.10 REPLATING OF POSITIVE RECOTVIBINANTS AND RESCREENING

Because of the high density of colonies on each filter'

it was not possible in some cases to be sure of picking a

single colony. Therefore, for eight of the strong positive

signals selected at random, ten "pickings" htere carried out

in the region of each hybridisation signal, onto fresh plates

in an ordered array. These colonies were then replica

plated and rescreened using both sets of primer extended cDNA

products as shown in Figure 5.6.



FIGURE 5.5

HIGH DENSITY SCREENING OF COLONY LIBRARY USING

CDNA PROBE I

A colony library was prepared in E. eoLi MC 106I usíng
the plasmid vector pBR322 and the size fractionated Hind.IT.I
digested DNA of B. amALoLiquefaeíens prepared in Section
5. 5. Colony f ilters Ì^rere prepared and screened by hybrid-
isation with cDNA probe I and autoradiographed at 4oC over-
night. Details of the preparation of the colony library
and screening and washing conditions are given in Method.s,
Chapter 2. Shown is an autoradiograph of one of the four
colony filters screened in this manner.



?a

oa a

)

aa

\. aa

aIt
o o a

o
a

aI

a

o

\
o



FIGURE 5.6

RESCREENING OF 
"OSITTVE 

COLONIES VÍTTH CDNA

PROBES I AND 2

Duplicate filters from 80 colonies picked in an
ordered array onto fresh plates were prepared .tt+-
hybridise¿ witrr CDNA probes I or 2 (made as detailed
iñ 5.7') as described in Methods, Chapter 2- The
filters hrere autoradiographed at -80oC for 4 h.

Filter probed with cDNA I
Filter probed with cDNA 2

The four colonies chosen for further analysis
are indicated..

I
2
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Four of these clones as indicated showing strong

hybridisation to both probes were further streaked out on

fresh plates and single colonies used to prepare plasmid

DNA using the miniprep procedure given in Methods, Chapter

2.

Restriction analysis of these four plasmid DNA prepar-

ations confirmed that they all represented pure clones of a

single HíndIT.I fragment of the correct size. Glycerol

stocks of these clones were prepared as described in Methods,

Chapter 2 and stored at -8OoC. Plasmid DNA of each clone was

finally screened using the DNA dot-blot procedure' using
)a

Lttp)-phosphorylated 14-mer I as a direct hybridisation

probe as shown in Figure 5.7 . All clones clearly hybridise

very strongly to l -mer I probe and the pBR322 controls are

negative.

5.11 PARTIAL RESTRICTTON ¡4APPING OF PLASMID CLONE pBAP I

AND SOUTHERN ANALYSTS

It is clear from the previous results that the four

clones selected for dot-blot analysis are in fact the same.

Therefore, a single clone designated pBAP I was selected

for further characterisation. Pure plasmid DNA of this

clone was prepared using the large scale procedure described

in Methods, Chapter 2. Prior to DNA sequence analysis to

confirm the identity of this clone, some limited restriction

mapping and Southern analysis was carried out to locate with-

in the insert, a suitable restriction fragment for immediate

sequencing.

Samples of plasmid DNA of the clone were digested with



FIGURE 5.7

DNA DOT BLOT ANALYSIS OF ?LASMID DNAIS OF

CLONES L-4

A dot blot filter was prepared with duplicate I ug
samples of each plasmid DNA and including vector plag$id
pnn:lzz as contro-I. The filter was hybriãised witñ l32pl-
phosphorylated 14-mer I and autoradiographed I h at AoC.
The details of the procedures and probe preparation are
given in Methods, Chapter 2.

TRACKS

1.
2.
3.
4.
5.

pBR322 DNA

Clone 1 DNA

Clone 2 DNA

Clone 3 DNA

Clone 4 DNA
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a range of restriction enzymes as described in Figure 5.8 and

after Southern transfer, probed with the kinased l4-mer I

Probe

From the geI of the digests it can be seen that these

enzymes cleave the insert DNA of the clone infrequently.

A range of different enzymes were tried as shown in

Figure 5.9 (a) & (b). In this case the digests were probed

by Southern analysis with each of the l4-mers as direct

hybridisation probes. This information, along with other

combinations of digests (data not shown) allowed the

constructíon of a partial restriction map of the clone as

shown ín Figure 5.I0.

The Southern blot of Figure 5.g shows that both 14-mers

hybridise in atl cases to the same restriction fragments.

The smallest of these, a Hindfll/PûuIf fragment of approxi-

mately 0.8 Kb in size is the fragment of choice for immediate

sequence characterisation.

5.L2 SEQUENCE CONI'Ï RMATION OF THE TDENTITY OF PLAS}'IID CLONE

pBAP I

Final confirmation that this plasmid clone (pBAP I)

is that for the alkatine protease gene requires direct

demonstration by sequence analysis that the DNA in this

clone codes for the protein sequence of the enzyme.

Sequencing of the small Hindflt/Puutt fragment was carried

out using the dideoxy method of sequencing single stranded

I'l 13 clones as described in l'lethods, Chapter 2. In this

case, the restriction fragment was purified, redigested

with either Sau3A or HpølT and these smaller fragments



FIGURE 5.8
32

SOUTHERN BLOT ANALYSIS OF PBA?I USING t Pl-

PHOSPHORYLATED 14-MER 1 AS PROBE

Plasmid DNA (f Ug) of pBAPI was digested with the range
of restriction enzymes indicated below, electrophoresed on
a 1å agarose^9el, transferred to nitrocellulose and hybrid-
ised with ls¿pJ-phosphorylated l4-mer 1. HíndIII digested
À DNA was included to provide standard markers. Details
of all procedures are provided in Methods, Chapter 2.

TR.ACKS

1.
2.
3.
4.
5.
6.
7-

8..
o

10.

HindIIl/ S aLt digested pBAPI

E coRI/ SaLI digested pBAPI

PstI digested pBAPI

HíndllL digested I DNA markers
BgLIr digested pBAPI

SaLt digested pBAPt

HindfII/PstT. digested pBAPI

EeoRL/SaLf digested pBAPI

HindLr.r/ SaLr digested pBAPI

HíndILI digested À DNA markers
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FIGURE 5.9

SoUTHERN BLOT ANALYSIS OF pBA?l USING l,32rl-

PHOSPHORYLATED I4-MERS 1 AND 2 AS PROBES

DNA (f Ug) of pBAPI or the purified 2.6 Kb insert of
pBAPI was digested with the range of restriction enzymes
indicated below, electrophoresed on a 13 agarose minigel
and transferred to nitççcellulose. The filter was hybrid-
ised separately with 1.5¿Pl-phosphorylated 14-mer I or 2,
boiling the filter for 5 min between experiments (auto-
radiography of the boiled. filter showed that all previously
hybridised probe is removed). Autoradiography was for 2 h,
at AoC. All details of procedures are Provided in Methods'
Chapter 2.

TR.A,CKS

I
2

3

4

5

6

7

8

Acef digested insert
SmaI digested insert
SmaI digested pBAPI

PUuII digested insert
PuuT.I digested pBAPI

PtsuI digested insert
PuuI digested pBAPI

HindTT.I digested pBAPI

I4-mer I probe
I4-mer 2 probe

(a) =

(b) =
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FIGURE 5.10

PARTIAL RESTRICT:ION I'ÍAP OF pBAPI

The restriction map was derived from the appropriate
restriction enzyme digests of plasmid pBAPl. Fragment
sizes v/ere estimated by electrophoresis of the digests on
18 agarose gelsr usíng HindIII digested À DNA as molecular
weight markers. OnIy restriction sites within the 2.6 Kb
HindfII insert are indicated, and fragment sizes given.
The orientation of the alkaline protease gene is indicated.
Ihe PUUII site within the gene corresponds to amino acid
105 of the alkaline protease.
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cloned into MI3. All the details for these procedures are

provj-ded in l"lethods, Chapter 2. Sequencing d.irectly from the

PuuII site was also carried out after cloning into the

appropriate M13 vector.

Part of the DNA sequence of i-']ne HindfII/Pü1Æf site is

shown in the sequencing gel of Figure 5.1I. This stretch of

DNA contains sequence corresponding to the synthetic oligo-

nucleotide 14-mer I (as indicated) and confirms the identity

of the pBAP I plasmid cloner ês indicated below.

The DNA sequence and corresponding amino acid sequence

from Llrre PuuIf site to a HpaII site is presented in Figure

5.L2. This amino acid sequence (predicted by computer

analysis of the DNA sequence) corresponds exactly to amino

acids 105 to I45 of the pubtished sequence of the alkaline

protease (Markland & Smith, 1967) . The result establishes

that plasmid clone pBAP I contains DNA specific for the

alkaline protease. From the position of L}:re PuuÍ.I site

withj-n the 2.6 Kb insert (Figure 5.10) it can be deduced

that the clone contains the entire gene sequence of alkaline

protease.

5.13 FURTHER SEOUENCING OF THE ALKALINE PROTEASE GENE OF

B. AMYLOLISUEFACIENS

The complete DNA sequence of the alkaline protease gene

is desirable to enable further studies of its structure and

function as will be discussed in more detail later.

while further sequencing of the 2.6 Kb insert of pBAP I

was in progress, and the writing of this thesis commenced,

Wells et aL. (1983) reported the cloning and complete

seguence analysis of the alkaline protease gene of



FIGURE 5.11

PARTIAL DNA SEOUENCE ANALYSIS OF THE ALKALINE

PROTEASE GENE OF B. AMYLOLT UEFACTENS.

A fragment of DNA (a PuuIT/HpaLL fragment) from plasmid
clone pBAPI was cloned into the appropriate M13 vector and
sequenced using the chain-termination method of Sanger et
aL. (L9771 . Samples rttere electrophoresed on a 6Z acrylamide-
urea sequencing gel until the bromophenol blue tracker dye
had migrated to the bottom of the gel. Details of all
preparations and procedures are given in Methods, Chapter 2.



a
a
a
a

14-ner
region

h/u ll
site

ACGT



FIGURE 5.L2

DNA SEQUENCE AI{D CORRESPONDING AMINO ACID

SEQUENCE oF A PVUII-/HPAII SEGMENT Or pp4ql

DNA sequence analysis was carried out as described
in Figure 5.tl and the amino acid sequence derived by
computer analysís. The numbers refer to the correspond-
ing amino acids in the published sequence of the alkaline
protease of B. amALoLiquefacíens (Ir{arkland e Smith, L967).
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B. a.mALoLiquefaciens. The sequence data obtained thus far

for pBAP I (which includes the entire sequence from the 3 I

HindIfI- site encomPassing the putative terminator structure'

to amino acid -7 (see l{ells et aL.,1983) agrees completely

with that of the above authors' and is therefore not

reiterated here.

The implications of this for our future work are

discussed in the concluding chapter of this thesis.

5.L4 DISCUSSION

The work presented in this chapter resulted in the

successful isolation and partial characterisation of the

gene for the alkaline extracellular protease of B. amALoLi-

quefaciens.

Detailed study of the control of-this gene (as will

be discussed in more detail in the concluding chapter of

this thesis) is currently in progress in this laboratory.

This gene was isolated using as a hybridisation

probe, cDNA made using a 14-mer primer on a template of

RNA isolated from B. amyLoLíquefaeíens. The successful use

of this probe confirms the presence of mRNA for the alkaline

protease in RNA preparations from B. amyLoLiquefaeiens,

independently of Llrre in pitno translation work presented in

Chapter 3. This primer extension work (see Section 5.7)

also strongly suggests that this mRNA is more abundant in

RNA isolated from ceIIs optimised for the apparent protease

mRNA poot, than from cells in which this pool has been

depleted (i.e. 60 Laa RNA vrs 75 Haa RNA). The possible
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imptications of this for the work presented in chapter 3

and for future work are discussed further in the following

chapters.



CHAPTER SIX

PRELIMINARY HYBRIDISATION STUDIES

OF ALKALINE PROTEASE mRNA PRODUCTION

BY B. AMyLOLTSUEEACTENS
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6.I . INTRODUCTION

Earlier work in this laboratory, as discussed in Chapter

L, had demonstrated the unusual response of protease production

by B. amALoLiquefaeiens to inhibitors of transcription. An

hypothesis was put forward (OrConnor et aL., L978) to account

for these findings, based on the concept of an apparent mRNA

pool for protease. Of centraL interest in the work presented

in this thesis was to determine whether the apparent protease

mRNA pool exists, by examining protease mRNA production under

various culture conditions. The successful isolation of the

gene for the alkaline protease of B. amyLoLíquefaeiens r âs

described in the previous chapter, placed these studies on a

molecular basis. Changes in mRNA leve1s for this enzyme can

now be examined directly by hybridisation analysis. Presented

here are two preliminary experiments along this line of invest-

igation, using the alkaline protease gene probe.

6.2 DOT BLOT ANALYSIS OF 75 HAA RNA AND 60 LAA RNA OF

B. AMyLOLISUEFACIENS

As was discussed in Chapter 3, the B. amALoLíquefaciens

RNA preparations designated 75 Haa RNA and 60 Laa RNA represent

time points at which the apparent protease mRNA pool is minimal

and approaching maximal respectively. The primer extension

studies described in Chapter 5 using these RNA samples and the

synthetic DNA oligonucleotides specific for the alkaline

protease gene, suggested thatr âs expected, the mRNA for

alkaline protease was more abundant in the 60 Laa RNA prepara-

tion.
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To look directly at protease mRNA levels, the 75 Haa RNA

and 60 Laa RNA samples were examined by dot blot analysis

using part of the cloned alkaline protease gene as a hybrid-

isation probe, âs described in,Figure 6.1. The probe used

was a ss DNA ¡4 13 clone of a sau3A fragment of the alkarine
protease gene contained in plasmid pBAPI (refer to Chapter 5).

This DNA probe was complementary to mRNA corresponding to amino-

acids 115 268 of the published seguence of alkaline protease

(Markland & smith, L967) .

Three levels of each RNA sample were used in this initial
trial as shown in Figure 6.1. A progressive increase in
hybridisation with the DNA probe is evident in the Laa RNA

samples (oots 4 - 6) whereas hybridisation to the 75 Haa RNA

samples (oots 1 3) is faint. The relative amounts of probe

hybridised to each sample was estimated by cutting out the

appropriate areas of the nitrocellulose filter and counting

using Cherenkov radiation. At the largest amount of RNA

used (20 U9r Sarnples 3 and 6) an eight fold increase in the

counts hybridised to 60 Laa RNA compared to counts hybridised

to 75 Haa RNA was observed. crearly, dot blot analysis must

be carried out using a broader range of RNA levels. However,

this early result establishes that the mRNA for alkaline
protease is present in significantly larger amounts in 60 Laa

RNA than in 75 Haa RNA; a finding consistent with our earlier
work.



FIGURE 6.1

DOT BLOT ANALYSTS OF 75 HAA RNA AND 60 LAA RNA

oF B. AMyLOLISUEFACTENS

75 Haa RNA and 60 Laa RNA samples of B. qmALoLíque-
faeiens were isolated as described in Chapter 3 and.
Methods, Chapter 2. Various amounts of these RNA samples
as indicated below, were transferred to nitrocellulose
usinq the dot blot procedure. The filter was probed with
a Lr"P I -labelled single stranded M13 probe complementary
to mRNA corresponding to amino acids II5 to 268 of the
alkaline protease, prepared using an l'113 clone containing
a Sau3A restriction fragment of the corresponding DNA.
Details of all preparations and procedures are given in
Methods, Chapter 2.
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6.3 NORTHERN BLOT ANALYSIS Or' B.'AMYLOLTS.UEFACTEII/,5 RNA

TIME COI]RSE SAMPLES.

It was of interest to look at the size of the alkaline

protease mRNA and to examine the changes in protease mRNA

leveIs which might occur over a time course of incubation of

B. amyLoLíqueføeíens cel1s in low amino acids suspending

medium. Accordingly, RNA was isolated as described in Figure

6.2, from cells of B. am7LoLiquefaciens which had been incubated

for 75 min in high amino acids medium, and also following a

further 20, 40, 60, 75 and 90 min incubation in low amino acids

medium.

Assays of total protease and alkaline protease from cells

at each time point were carried out as described by Love (1981),

and showed. protease production to be linear in both instances.

Samples of -RNA (20 ug) from each time point !.¡ere electro-

phoresed on a lå-agarose-methylmercury gel, transferred to

nitrocellulose and hybridised with the same mRNA-specific probe

used in the previous section. The details and result of this

experiment are shown in Figure 6.2.

The autoradiogram shows a marked increase in hybridisation

to the 20 Laa RNA sample (Track 2) when compared to the 75 Haa

RNA sample (Track 1), consistent with the increase in alkaline

protease mRNA seen in Section 6.2 upon transfer of cells from

high amino acids medium to incubation in low amino acids medium.

Particularly interesting (and potentially exciting) lrtas the

observation of two specific RNA bands hybridising with the

alkatine protease gene probe. These two bands are positioned

just below the 165 rRNA species (as measured using a UV photo-

graph of the stained gel prior to transfer). These bands vary



FIGURE 6.2

NORTHERN BLOT ANALYSIS OF B. AMYLOLISUEFACTENS

RNA TIME COURSE SAIvIPLES

6 x 40 ml lots of B. amALoLiquefaeiens cells were
incubated for 75 min in high amino acids medium and
further incubated in low amino acids medium as described
in Methods, Chapter 2. RNA was prepared from 40 mls of
cells for each time point (i.e., after 75 min in high
amino acids medium, 1,75 Haa RNAI , and after a further
20, 40, 60, 75, or 90 min in low amino acids medium
120-90 Laa RNA samples respectivelyl ) . 20 Ug of each
RNA sample was electrophoresed on a lE ag'arose-methylmercury
gelr visualised by ethidium stainingr^transferred t.o nitro-
cellulose and hybrid.ised with the [3¿p]-Iabel1ed MI3 probe
used in Figure 6.I. The final washing of the nitrocellulose
filter was for 30 min at 60"C in 0.2 X SSC. Details of all
preparations and procedures are provided in Ivlethods, Chapter
2.
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greatly in intensity, the upper one being only faintly

observable. However, both appear to increase in hybridisation

intensity up to the 60 Laa RNA sample (Track 4) and then to

decrease. The difference in intensity is marked between the

75 Haa RNA and 20 Laa RNA samples (as mentioned previously)

but in further samples the change in band intensities is only

slight. The possible significance of this is discussed later

in this chapÈer.

The presence of two species of RNA hybridising to the

alkaline protease gene probe raises several interesting

possibilities . B. subtiLis produces both an extracellular

and intracellular alkaline protease (subtilisin) which share

approximately 50 percent homology at the amino acid level

(Strongin et aL., 1978) . An intracellular protease in B.

amyLoliquefaeiens has been identified and partly characterised

(Paton, L979'). The possibility arises that the gene probe

used in the present work may hybridise to the mRNArs for two

related proteases in B. amALoLíquefaeiens, giving rise to two

bands on the Northern gel of Figure 6-2-

Another possibility is that two forms of mRNA for the

extracellular alkaline protease are produced' perhaps by

initiation of transcription at different start sites. This

clearly needs to be investigated further by ín oitro trans-

cription analysis. However, on the basis of the relatively

large amounts of extracellular alkaline protease produced by

B. anyLoLíquefaciens, iL can reasonably be suggested that at

least the major hybridising band in this experiment is specific

for the nRNA of the extracellular enzyme.
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6.4 DISCUSSION

The preliminary hybridisation studies of alkaline protease

mRNA prod.uction by B. amyLoLiquefaeiens presented here, show

that the levels of this mRNA alter in response to various

incubation conditions.

These results demonstrate that the level of alkaline

protease mRNA in cells incubated for 75 min in high amino

acids me.dium is very low, consistent with the repressive effect

of amino acids discussed in Chapter 1. Upon transfer of these

ce1ls to Iow amino acids medium and further incubation, the

Ievel of alkaline protease mRNA was shown to increase dram-

aticaIly.

During the first 20 min of incubation in low amino acids

medium the elevation of alkaline protease mRNA leve1s is

marked (compare Tracks I and 2 of Figure 6.2), with only a

relatively small increase occurring during further incubation

in low amino acids medium. It appears that transcription is

very rapid during the initial period of incubation in low

amino acids medium. This clearly needs to be examined in

greater detail.

It was mentioned earlier that atkaline protease product-

ion was shown to be linear during the time course experiment

described in Section 6.2. This information, coupled with the

rapid buitd-up of mRNA seen during the first 20 min of incubation

in low amino acids medium, suggests that all of the mRNA trans-

cribed is not utilízed, irnmediately for translation.

These preliminary experiments, although indicative of

changes in mRNA levels for atkaline protease say nothing

directly about the stability of this mRNA encompassed in the
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concept of a "reserve" pool of mRNA. C1early, a more detailed

hybridisation analysis of alkaline protease mRNA production

must be carried out before conclusions can be drawn as to the

possible nature of the apparent mRNA pool for protease dis-

cussed in Chapter 1. For example, time course experiments,

in the presence and absence of rifampicin treatment of cells

will enable putative stable mRNArs to be identified.

The possible significance of the two hybridising RNArs

seen in Figure 6.2 awaits in uitt,o transcription studies and

is discussed further in the following chapter.

The preliminary work presented here serves largely to

point the way for a more detailed study of alkaline protease

mRNA production by B. amyLoLiquefaeiens at the molecular level.

This future work, is discussed in more detail in the following

chapter.



CHAPTER SEVEN

FTNAL SUMMARY AND DISCUSSION
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FINAL SUMI,IARY A}üD DISCUSSION

The work presented in this thesis provides the basis

for the further study of several aspects of the synthesis and

secretion of the extracellular alkaline protease of B. amyLoLí-

quefaeíens. Earlier work in this laboratory demonstrated the

peculi,ar characteristics of protease production by this organism.

The size of the apparent mRNA pool for protease disclosed in this

work was only measurable in terms of the total protease (of

either major specíes) produced by cells in the presence of an

inhibitor of transcription (rifampicin or actinomycin D). The

successful isolation of the gene for the alkline protease

(described in Chapter 5) gives the means to place these

studies, for this enzyme, o[ a molecular basis.

In Chapter 6 preliminary hybridisation studies of alkaline

piotease mRNA production were described. These experiments

were supportive of the concept of an mRNA pool for this enzyme'

and indicated. the direction for a detailed examination of this

complex phenomenon. !{e are no\^¡ in a position to characterise

the apparent alkaline protease mRNA pool.

The studies of Love (1981) on the production of alkaline

and neutral proteases by B. amALoLiquefaeiens led to the implic-

ation that the genes for these two enzymes are separately

controlled. A parallel study of neutral protease mRNA product-

ion by this organism is obviously desirable, as both enzymes

contribute to the unusual phenomena described in our earlier

work.

In respect of this, it was mentioned in the discussion

of Chapter 4, that the clone isolated in the work described

in that chapter was possibly related to the neutral protease.
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We intend in this laboratory to purify the neutral protease

from the culture supernatant of B. amyloliquefaeíens. This

will enable further examination of the above clone and if
necessary the isolation of the gene for the neutral protease

using an analogous approach to that described in Chapter 5.

The successful use of the primer extended probes in
isolation of the alkaline protease gene (Chapter 5) and the

preliminary studies of protease mRNA production carried out

using the gene probe (Chapter 6) indicated that cells of

B. amyLoLiquefaciens incubated in low amino acids medium

contain elevated levels of alkaline protease mRNA; (ie.,

60 Laa RNA). On a preparative scale, the cloned gene can be

used in a hybrid selection technique similar to that described

in Chapter 4, to isolate large amounts of pure alkaline pro-

tease mRNA. This will enable in oítro translation and transport

studies to be undertaken using the E. eoLi ce1l-free system

described in Chapter 3. Use of pure mRNA may clarify some of
the work described in that chapter, and in this respect, the

antiserum prepared to the alkaline protease may be useful.
The translatability of the mRNA may be examined afresh,

using the E. eoLí celI-free system or perhaps systems supple-

mented with cell-free extracts of. B. amALoliquefaeíens.

The DNA sequence of the alkaline protease gene (Wells

et aL.,1983) predicts that the enzyme is synthesised as a

preprotein with a signal peptide and a region of about 75 amino

acids of unknown function between the signal peptide and the

start of the mature protein. The proposed signal peptide

appears typical of other BaeiLLus secretory proteins for which

the signal peptides are known (Welts et aL., 1983). In uitt,o
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translation and transport studies using the pure mRNA may

reveal a translational Precursor product, enabling a more

detailed examination of its function'

The production of protease in the absence of transcript-

ion, and the changes in the apparent mRNA pool size demon-

strated in earlier work (o'Connor et aL', 1978) were explained

by proposing that two forms of mRNA r^¡ere produced. It was

envisaged that during transcription mRNA was supplied directly

for translation and that at the same time a reserve of non-

translatable mRNA was built up, the latter constituting the

mRNA pool. In the absence of transcription the reserve \^Ias

considered to be converted to translatable mRNA.

Of fundamental interest in all of this work is an under-

standing of the control of protease mRNA production, and of

regulation of the translation of the apparent mRNA pool.

CIearIy two levels of control are implicated in thís system

if the concept of a reserve mRNA pool, not immediaÈely trans-

latable, is correct. The first level, that of transcriptional

control of expression of the alkaline protease gene is self-

evident, and witt be discussed briefly. The second level of

control, impticit in the concept of a reserve mRNA pool, and

therefore directly pertinent to the work presented in this

thesis is a translational control mechanism of some kind'

Concensus sequences that signal the initiation of trans-

cription and translation in B. subtíLís have been determined,

(t{oran et aL. , Lg82) , which correspond closely to those

attributed Lo E. coLi. From the complete DNA sequence of the

alkaline protease gene of B. amALoLiquefaeíens (WeIIs et aL"

1983), putative promoter and ribosome binding site regions
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have been assigned. These workers also found that the cloned

gene was not expressed in E. coli, but very efficiently

expressed when cloned into B. subtiLis. It was suggested

that expression required the presence of specific sigma

factors from B. subti.Lis. These factors, subunits of bacterial

RNA polymerases, modulate the promoter recognition specificity

of the core polymerase (Losick & Pero, 1981; Johnson ¿ú aL.,

1983). fn uitro transcription and 51 nuclease mapping studies

are reguired to confirm the putative promoter region and sigma

factor specificity of the cloned alkaline protease gene. As

was mentioned previouslY, \^7e are in a position to purify the

nRNA and in respect of the above work, direct RNA sequencing

using specific synthetic primers will be useful in character-

isation of transcripts.

The second level of control, while dependent on direct

confirmation of the existence of a reserve mRNA pool, and

therefore speculative at this stage, reguires that translation

of the mRNA is delayed by some mechanism, i.e. ' that trans-

lational control is operating. Questions that need to be

answered include; does the apparent reserve mRNA pool exist

as uniquely stable mRNA and if sor how does this situation

arise?

It is interesting to speculate that translation of the

mRNA is blocked through a system similar to the SRP complex

and docking protein demonstrated in eukaryotes (lrlalter &

Blobel, 1983) and that the mRNA is stabilised by such an

interactíon, or through the concomitant formation of a stable

secondary structure, or a combination of both processes. A

systern similar to the SRP mechanism has been recently post-
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ulated to exist in E. coLi, (reviewed by Silhavy et aL' ,

1983). The qualification required for the reserve ¡RNA

pool concept is that the translational block is not dependent

on availability of docking sites for co-translational

secretion, but is achieved by a separate control mechanism.

It has not been established for protease production by B.

amyLoLiquefaeiens, whether these proteins are synthesised on

membrane-associated ribosomes (as has been suggested for other

secretory proteins in B. subt.iLis (Smith eÚ qL., L979, Mazars

et aL.,1983), or via another mechanism. The site of exo-

enzlrme synthesis in B. amALoliquefacíens has been the subject

of a recent study in this laboratory (Love, 19BI) and requires

further examination.

This delayed. translation proposal may also be likened

to the translational attenuation models put forward by Hahn

et aL. (L982) to account for the regulation of synthesis of

the gene product of erm C, a plasmid gene, which specifies

resistance to macrolide-Iincosamide-streptogramin B anti-

bj-otics. The product of the erm C gene is an inducible rRNA

methylase. The model put forward by these workers postulated

that alternative inactive and active conformational states

of the erm C mRNA are modulated by erythramycin-induced ribo-

some-stalling during translation of a leader peptide. Rapid

induction of methylase synthesis was shown to occur in the

presence of antibiotic, and. using rifampicin or streptolydigin

in minicell studies, induction was shown to occur in the

absence of transcription, and was accompanied by a dramatic

and specific increase in mRNA functional stability-

This methylase synthesis in the absence of transcription



L23.

is similar to the rifampicin-actinomycin D-insensitive

production of protease by B. amAloLiquefaeiens demonstrated

in earlier work in this laboratory which led to the concept

of an apparent mRNA pool for this enzyme (OrConnor et qL. ,

1978).

A simitar model to that put forward for regulation of

the erm C system (Hahn et qL. , 1982) may be proposed to operate

here. Translation of the protease mRNA may be regulated by

ribosome-stalIing during translation of a leader peptide'

resulting in a pool of mRNA not immediately translatable.

Indeed, the complete DNA sequence of the alkaline protease

gene of B. amALoLíquefae'Lens (Wells et aL., 1983) revealed

that if the signal peptide is typical (as aPpears to be the

case) then encoded in the seguence is a region of about 75 amino

acids of unknown function between the end of the signal peptide

and the mature protein. These workers determined that this

region strongly resembles a Propeptide structure, but it could

conceivably also operate in a manner analogous to the leader

peptide in the erm C system discussed above.

Several other instances of translation level control \Átere

cited by Hahn eú aL. (L982) and another very recent example is

provided by MacDonald. et aL. (1984) in a study of the expression

of the bacteriophage T4 soc gene. This gene is transcribed

both early and late, but is translated only late. The inhib-

ition of soc translation from the long early transcripts was

explained by formation of a hairpin in the RNA that sequesters

the soc ribosome-binding site. The transcript initiated at

the late promoter cannot form this hairpin and is therefore

translated.
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Analysis of B. amALolíquefaeiens RNA samples by Northern

blot (Chapter 6, Figure 6.21 showed the presence of two RNA

bands hybridising to gene Probe. It was suggested that two

forms of the RNA may be present, arising by transcription

from different initiation sites. It is tempting to speculate

that a translational control system similar to that described

for the soc gene in bacteriophage T4 operates for alkaline

protease mRNA production, involving the synthesis of two trans-

cripts, one able to form a hairpin structure which blocks

translation initiation. Again, in uitro transcription studies

are required to examine this possibility further'

In final summary, \^tê are now in a position to examine

in detail, at the molecular leveI, this most interesting

control situation which is evident in the production of extra-

cellular protease by B. amyLoLiquefacíens.
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