
 

 

University of St Andrews 
 
 

 
 
 
 

  

 

 
Full metadata for this thesis is available in                                      

St Andrews Research Repository 
at: 

http://research-repository.st-andrews.ac.uk/ 
 

 
 
 
 

 
This thesis is protected by original copyright 

 
 

http://research-repository.st-andrews.ac.uk/


Cloning of the urease locus of Ureaolasma urealvticum and a diagnostic

polymerase chain reaction test for the organism.

Thesis for the degree of Master of Science

Department of Biochemistry and Microbiology, University of St Andrews.

John Julian Willoughby.



 



DECLARATION

I, John Julian Willoughby, hereby certify that this

thesis has been composed by myself, that it is a record of my

own work, and that it has not been accepted in partial or

complete fulfilment of any other degree or professional

qualification.

In submitting this thesis to the University of St.

Andrews I understand that I am giving permission for it to be

made available for use in accordance with the regulations of

the University Library for the time being in force, subject to

any copyright vested in the work not being affected thereby.

I also understand that the title and abstract will be

published, and that a copy of the work may be made and

supplied to any bona fide library or research worker.

Signed^



Acknowledgements

I would like to acknowledge the advice and support of

Dr. M.Burdon, Dr. D.Thirkell and prof. W.C.Russell.

also the help and advice of the following:

Dr. B. Dunbar and Prof. J. Fothergill (Department of Biochemistry,
Marishall College, University of Aberdeen) for performing the amino acid
sequencing on the purified urease.

Dr. H.Palmer, C.Gilroy and Prof. D. Taylor-Robinson for their
cooperative efforts on the diagnostic PCR.

In addition, I would like to thank

I.Armitt for tireless technical support.
A.M.Pierson for advice on the initial PCR.
Dr. A.D.Myles for advice on the purification of the urease and use of the
'dip-stick catch test'.
Ms. R.K.Spooner for help with Western blots.
Prof. D.Taylor-Robinson, Dr. M.J.Pallen, Dr J.A.Robertson, Dr. E.,
for providing strains, see methods.
Mr. P.Coote and Mr. B. Blythe for their photogaraphic services and
advice.

2



ABSTRACT

UREASE FROM UREAPLASMA UREALYTICUM SEROTYPE 8 WAS PURIFIED BY IMMUNOAFFINITY

CHROMATOGRAPHY USING MONOCLONAL ANTIBODIES AND THE N-TERMINAL AMINO ACID SEQUENCE

DETERMINED FOR TWO OF THE THREE SUBUNITS. THESE SEQUENCES WERE USED TO DESIGN PRIMERS FOR

A POLYMERASE CHAIN REACTION (PCR) THAT AMPLIFIED MOST OF THE GENE CODING FOR ONE OF THE

SUBUNITS. THIS PCR PRODUCT WAS RADIOACTIVELY LABELLED AND USED AS A PROBE TO SCREEN

SEVERAL LIBRARIES OF GENOMIC DNA FROM UREAPLASMA UREALYTICUM SEROTYPE 8 WITH THE

INTENTION OF ISOLATING A CLONE CONTAINING THE GENES CODING FOR THREE SUBUNITS OF UREASE.

MEANWHILE, ALMOST THE COMPLETE LOCUS WAS SYNTHESISED ON TWO OVERLAPPING PCR PRODUCTS

USING A NOVEL 'PCR WALKING' TECHNIQUE. THIS ALLOWED SOME SEQUENCE DATA TO BE PRODUCED.

EVENTUALLY A STRONG POSITIVE SIGNAL WAS FOUND ON ONE OF THE LIBRARY 'LIFTS'. FOUR COLONIES

IN VERY CLOSE PROXIMITY TO THE POSITIVE SIGNAL WERE PICKED AND GROWN FOR FURTHER SCREENING

BY PCR. IT WAS FOUND THAT ONE OF THE FOUR CLONES CONTAINED A 7.5 Kb EcoR1 FRAGMENT FROM

UREAPLASMA SIMILAR TO THAT PREVIOUSLY REPORTED (BLANCHARD, A., et al 1989) WHICH

CONTAINED THE THREE STRUCTURAL GENES OF THE UREASE. USING THIS CLONE THE EARLIER

NUCLEOTIDE SEQUENCE DATA WAS CONFIRMED AND EXTENDED. THIS PARTIAL NUCLEOTIDE SEQUENCE IS

IN AGREEMENT WITH OUR N-TERMINAL AMINO ACID DATA. AT THIS POINT A SEQUENCE FOR THE THREE

STRUCTURAL UREASE GENES WAS PUBLISHED ELSEWHERE (BLANCHARD, A. 1990). THE SEQUENCE

RESULTING FROM THIS STUDY DIFFERS BY A FEW BASES FROM THE PUBLISHED SEQUENCE BUT WAS

ESSENTIALLY SIMILAR AND THE (RE)SEQUENCING OF THE GENES DIMINISHED IN IMPORTANCE RELATIVE

TO OTHER GOALS.

THE OLIGONUCLEOTIDES THAT HAD BEEN USED AS PCR PRIMERS OR AS SEQUENCING PRIMERS

WERE TESTED TO SEE IF THEY WERE SPECIFIC TO LJRFAPLASMA. TWO OF THESE AMPLIFIED SEQUENCES

IN ALL UREAPLASMA UREALYTICUM STRAINS TESTED BUT NOT FROM ANY OTHER MYCOPLASMAS OR

UREASE-POSITIVE BACTERIA TESTED. PROVISION HAS BEEN MADE FOR THE PCR TO BE FURTHER
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DEVELOPED INTO A TWO STAGE NESTED PCR TEST FOR THE PRESENCE OF UREAPLASMA SPECIES.

DUPLICATE CLINICAL SAMPLES TAKEN FROM A SEXUALLY TRANSMITTED DISEASES CLINIC WILL BE

TESTED IN TANDEM BY CULTURE METHODS AND THE PCR.

PILOT EXPERIMENTS TO TRY TO GET EXPRESSION OF THE UREASE IN E.COI I WERE STARTED.

USING THE PUBLISHED SEQUENCE, OLIGONUCLEOTIDE PRIMERS WERE DESIGNED THAT ENABLED THE THREE

STRUCTURAL GENES TO BE MAPPED AND ORIENTATED ON THE 7.5 Kb FRAGMENT. THESE PRIMERS WERE

ALSO USED TO AMPLIFY A 2.9 Kb FRAGMENT CONTAINING THE STRUCTURAL GENES FROM THE GENOMIC

UREASE CLONE INCORPORATING A Xho 1 SITE AT EITHER END. THIS FRAGMENT WAS INSERTED INTO AN

OPAL SUPRESSION VECTOR AND THEN USED TO TRANSFORM F.COI.I JM83. THE RECOMBINANTS WERE

TESTED FOR UREASE ACTIVITY ON UREASE AGAR SLOPES AND ONE OF THE RECOMBINANT

CONFIGURATIONS WAS FOUND TO PRODUCE A DRAMATIC pH CHANGE. USING THE MONOCLONAL

ANTIBODY THAT HAD BEEN USED IN THE UREASE PURIFICATION, THE SAME RECOMBINANT

CONFIGURATION WAS SHOWN TO POSSESS ACTIVE UREASE IN A 'CATCH TEST", BUT NO HYBRIDISATION

WAS VISIBLE WHEN THE ANTIBODY WAS USED TO PROBE A WESTERN BLOT WITH A PEROXIDASE-BASED

DETECTION SYSTEM.
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<INTRODUCTION>

Phvloaenv and general characteristics.

Ureaplasma urealvticum is a member of the class Mycoplasmatales

(Mollicutes) which are often given the trivial collective name of

mycoplasmas. The class falls into two orders - Acholeplasmatacae

and mycoplasmatacae, the latter require the presence of sterols in

their enviroment for growth while the former do not. The second

family falls into three groups of species, Mycoplasmas. Spiroplasmas

and Ureaplasmas. with which Anaeroplasmas are sometimes included

as a fourth group (see Fig. 1) . To avoid confusion, the word

mycoplasmas is written in plain text when used as a collective term

for mycoplasma species and in italics when used as a collective term

for the class mollicutes.

Mycoplasmas are the smallest and simplest self replicating

prokaryotes, forming a distinct group which from 5s rRNA sequence

data seem to be most closely related to the gram-negative eubacteria

(Rogers, M.J., et al 1985). Mycoplasmas lack a cell wall and the only

organelles visualised by electron microscopy are ribosomes and the

plasma membrane. They seem to lack the metabolic flexability of

larger bacteria, their metabolism being both varied and simplified

(Pollack, J.D., et al 1983); thus they are fastidious and often complex

in their growth requirements. The catabolism and anabolism of

mycoplasmas is limited by reduced or absent metabolic pathways. In

Ureaplasmas only some of the enzymes of the citric acid cycle are

present (Davis, J.W., et al 1990.), there is a deficient facility for 'de

novo' synthesis of nucleosides (Finch, L.R., et al 1990, Williams, M.V.,

et al 1990) and they apparently lack cytochromes. Although the

absence of this common form of electron transport system suggests

the possibility of an alternative electron transport system, the
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mechanisms of energy production and conversion in Ureaplasmas is

unknown.

It has been suggested that fatty acids could fuel a

theoretical energy-producing pathway centred around the

metabolism of pyruvate (Davis, J.W. et al 1990). However, it is

unclear whether Ureaplasma can synthesize fatty acids, although

Acholeplasmas do possess that function (Smith, P.F. 1990).

Ureaplasmas are unique amongst the mycoplasmas in their

ability to hydrolyse urea to carbon dioxide, water and ammonia

through the action of the enzyme urease. Ureaplasmas are not the

only organisms which possess constitutive urease activity, but they

may be unique in being the only organisms in which urease is

necessasry for growth. It has been suggested that urease activity

may be linked to energy production in ureaplasmas by causing an

internal build-up of ammonium ions and thus an ionic gradient

accross the cell membrane. The eventual release of ammonium ions

from the organism could drive ATP synthesis via a proton ATPase

(Romano, N. et al, 1986).

Circumstantial evidence supports this theory as inhibition of

the urease or a lack of urea in the environment arrests growth of the
i

organism. Analysis of the optimum conditions of ATP synthesis in the

organism reveal that it is dependent on urea and ammonium ion

concentration in the medium as well as pH (Ford, D.K. et al 1967,

Romano, N., et al 1986).

Mycoplasma genomes.

At the time of writing, analysis of mycoplasma genomes is still in

its early stages. Few genes have been cloned and sequenced and even

fewer have been expressed in E.coli for reasons that will be

discussed shortly. Few genes from Ureaplasmas have been studied and

none of these have been expressed in standard systems such as E.coli.
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As a consequence of this, work relating to the genomes of other

mycoplasmas will be discussed below and their results tentatively

extrapolated to predictions about the Ureaplasma urealvticum

genome as well as the work on U.urealvticum itself.

Mycoplasmas have circular, double-stranded genomes which
are extremely small. They were thought to fall into two size groups,

Ureaplasma and Mycoplasma species having genomes of approximately

800 Kb and Acholeolasma. Anaeroolasma and Soiroolasma species

having genomes of about 1500 Kb. The data produced from different

methods of estimating genome size differ slightly, but as recent

work with pulsed-field electrophoresis mapping (Bautsch, W. 1988,

Pyle, L.E., et al 1988, Neimark, H.C., et al 1990) predicts larger

genome sizes for Mycoplasmas, including many from the group with

the smaller genomes. According to this data the genome sizes within

the class Mollicutes seem to be graduated rather than clustered into

two discrete groups, and some recent unpublished work (J.Robertson,

address at 8th I.O.M. congress, Istanbul) indicates that there may

even be continous fluctuation in the size. The size of the

U.urealvticum genome has been estimated by pulse-field gel

electrophoresis to be 900 Kb (Pyle, L.E., et al 1988) and 910 Kb

(Neimark, H.C., et ai 1990).

One piece of work which may give the most accurate estimate

of genome size is the cloning of the entire Mycoplasma pneumoniae

genome on overlapping cosmid clones (Wenzel, R., et al 1989), which

gives a value of between 835 Kb and 849 Kb. Whereas size
estimation of DNA on pulse-field gels may be confused by partial

digests and unnusual migration characteristics, the cloned

M.pneumoniae genome was screened for overlapping fragments so

eliminating the possibility of counting large fragments twice.

Genomes of only 800 - 900 Kb have very limited coding

capacity, and it is estimated that M.capricolum with a similar
7



genome size to U.urealvticum could contain in the order of only

350-450 economically packed discrete genes (Muto, A., et al, 1987).

About 100 separate protein spots are visible when a cell

preparation of Ureaplasma urealvticum is electrophoresed on a two

dimensional polyacrylamide gel electrophoresis (PAGE) gel and

stained with Coomassie brilliant blue dye (Mouches, C., et al 1981).

As only abundant proteins would be visible on such a PAGE gel, this

result does not disagree with the above estimate. For comparison,

the E.coli genome is around 4700 Kb (Kohara, Y., et al 1987) and when

extracts of cells containing labelled amino acids are

electrophoresed on a two dimensional PAGE gel about 1100 proteins

or polypeptidesare visible with E.coli and about 350 with

M.capricolum (Muto, A., et al 1987), so the percentage of the genome

that codes for reasonably abundant proteins in the two organisms

may be comparable. One notable difference however is that on

isoelectric focussing gels 40% of the E.coli proteins are basic

compared to 15% of the M.capricolum proteins.

From the limited genome size it could be expected that

mycoplasma genes would be rarely duplicated, and that even genes

that have a multiple copy number in other bacteria would be absent or
i

have a lower copy number in mycoplasmas. Cloning and sequencing

data from mycoplasmas indicates so far that this is true and that

Mycoplasma operons are often tightly packed,with less than fifty

base pairs separating the coding regions within them. No evidence for

overlapping reading frames has yet been found. In M.capricolum there

are two sets of rRNA genes as compared to seven in E.coli (Sawada,

M., et al 1981) and it has been reported that although there are three

distinct DNA polymerases in Spiroplasma species and either two or

three in Acholeplasma species, there is only a single DNA

polymerase in M.orale. M.hvorhinis. M.mvcoides and Ureaplasma
urealvticum (Buisson, C., et al 1990). It is thought that Mycoplasma
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nucleotide polymerases have limited exonuclease activity and

therefore have a reduced or absent capacity for editing DNA

mismatches and mistakes. The existence of just a single DNA

polymerase with reduced editing functions in some mycoplasma

species would help to account for the high mutation rate reported for

these organisms.

In addition to their size, some Mycoplasma genomes,

including those of Ureaplasmas, have a G + C content that is close to

(and in some cases apparently lower than) the theoretical minimum
of 26% which is thought to be required to code for the production of

proteins with a normal amino acid composition, while others have G +

C contents of around 40% which is approximately the value of

mammalian DNA. The estimated value for Ureaplasma urealvticum

DNA is 26 to 28% G + C (Razin, S. 1985), the higher estimated value

for bovine Ureaplasmas (28.7 to 30.2% G + C) was an important factor

in its classification as a seperate species named Ureaplasma

diversum.

In Mycoplasma capricolum. a small genome mycoplasma

possessing DNA with 25% G + C, it has been noted that there is a

heavy bias in codon usage which favours codons that are rich in A + T

(Muto, A., et al, 1987). In a statistical analysis of 1295 codons from

the organism, it was found that more than 90% of codons utilised

either A or T at the third base position compared to 49% of the

codons from E.coli. and that several isoaccepting tRNAs had not been

used at all (Muto, A., et al 1987). This bias seems to be true for most

other mycoplasma genomes with low G+C content. Recent attempts to

isolate the genes coding for tRNA molecules in Mycoplasma

capricolum (Muto, A., et al 1990) and Mycoplasma mvcoides (Guindy,

Y.S., et al 1989) have revealed that there are fewer tRNA species than

in any other eubacteria. As a result of this, nearly all codon families
are read by only one tRNA molecule, this having an unsubstituted
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uracil in the wobble position in most instances. In both organisms the

threonine tRNA has two isoacceptors, and the tRNA gene clusters that

have so far been studied from M.mvcoides M.capricolum and

Spiroplasma meliferm have been identical in their organisation and,

bar the fact that they contain fewer genes, bear a strong resemblance

in their layout to those in E.coli and B.subtilis (Muto, A., et al 1990).

This suggests that tRNA genes are well preserved within

mycoplasmas.

Another feature of some mycoplasma genomes is the use of an

unusual codon for tryptophan. This was first observed in Mycoplasma

capricolum (Muto, A., et al, 1987) but has been reported in several

other species since, including Mycoplasma pneumoniae (Hu, P.C., et al

1990) and Ureaplasma urealvticum (Blanchard, A. 1989, Willoughby,

J.J. et al 1991 - see also discussion). The codons UAG,UGA and UAA

are used as translational stop signals in the genetic code of most

organisms, but a tRNA molecule recognising the codon UGA is used for

the addition of tryptophan in several mycoplasmas, leaving UAA and

UAG as the sole stop signals. It is to be noted that this unusual tRNA

is not present in all low G + C genome mycoplasmas.

Transcriptional start and stop signals and promoter

sequences have been investigated to some degree in mycoplasmas,

promoters including some work which indicates that there is a single

promoter for the rRNA operon of Mycoplasma pneumoniae (Hyman,
H.C. et al 1988). The signal sequences found so far in mycoplasmas

are similar to those found in other eubacteria but are not identical

and they have been used functionally with only occasional success

when cloned mycoplasma genes have been transfected into E.coli.

The unusual features of the mycoplasma genome (which seem

to have evolved because of a strong evolutionary pressure which acts

to reduce the size of the genome) make cloning and expression of

genes from the organism less than straightforward. The low G + C
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contents can cause DNA-DNA hybridization problems while the

expression of cloned genes is hampered by control signals which

sometimes do not function in other eubacteria. In addition to this,

expression of genes from mycoplasmas which utilise a UGAtrP RNA

require that the UGA codons be mutated to UGGs or that some form of

opal supression be used. The development of a plasmid cloning system

which would enable expression of cloned genes in a UGAtrP-utilising
mycoplasma or mycoplasma minicell might be a useful way to deal

with most of these problems. However despite the fact that several

naturally occurring mycoplasma plasmids have been discovered (e.g.

Bergemann, A.D., et al 1989), none have so far proved to be suitable

for this purpose.

Potentially pathogenic properties of Ureaolasma.

Urease.

As described above, constituent urease activity is an absolute

requirement for growth of this organism and may be involved in

energy production. Continued urease activity could significantly

effect the pH of the organisms enviroment by the production and
i

release of ammonium ions, thus enhancing the precipitation of

carbonate apatite and struvite which are prevalent in

infection-induced renal calculi. This has been demonstrated by 'in

vitro' crystalisation experiments which have also indicated that pH

change alone may not cause the condition. Ureaplasma urealvticum

can be isolated from infection-induced renal calculi although it is

not the organism most frequently isolated (Hedelin, H. J-E. et al

1984).

IqA Protease.

Secreted immunoglobulin A (IgA) coats mucosal surfaces in the body

11



and provides a first tine of resistance to infection via this route.

Without previous challenge, the membrane is coated with IgA

molecules directed against a battery of epitopes, that can recognise

and bind to a wide variety of microbial antigens. This inhibits binding

of coated micro-organisms to the surface of mucosal cells and thus

arrests their entry. IgA appears on membranes as a dimer

strengthened and protected by the presence of a cysteine-rich

polypeptide known as the J-chain. Multiple binding of IgA molecules

to invading bacteria causes the formation of aggregates which can

bind to polymorphonuclear leucocytes and also activate the

alternative complement pathway which produces antibacterial

effects. The presence of a protease which cleaves IgA specifically by

a single cleavage in the hinge region has been demonstrated in a

small number of pathogenic bacteria and this activity is associated

only with pathogenic species (Mulks, M.A. et al 1982). Although its

significance has not been demonstrated, it may be a powerful
mechanism for evading a part of the immune system (Plaut, A.G., et al

1983).

IgA protease has been reported in all serotypes of Ureaplasma

urealvticum (Robertson, J., et al 1984) and in Ureaplasma diversum

(Kilan et al 1984), the activity in these studies was shown to be

specific for IgA1 and not lgA2 and it has also been reported that the

proteases are specific for their host immunoglobulins.

Phospholipases.

Phospholipase A1, A2 and C activity has been demonstrated in several

serotypes of Ureaplasma urealvticum (DeSilva, N.S., et al 1986).

Although the pathological effects of bacterial phospholipase activity

has not been extensively studied, it is possible that colonisation of

the amniotic sac by the organism could lead to phospholipase

digestion and weakening of the membrane so that it can no longer
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withstand the hydrostatic pressure of the amniotic fluid. Rupture of

the membrane then causes early termination of pregnancy.

Nucleases.

Several nucleases have been reported in every species of Mollicute so

far studied and it is thought likely that because these organisms

resort to scavenging pathways of nucleic acid production, nuclease

activty may play an important role in providing the necessary

precursors for this function (Pollack J.D., et al 1982). Work with

M.pneumoniae has shown that the pathological effect of this organism

on hamster tracheal explants is prevented or reduced when adenine is

included in the culture medium (Hu, P.C., et al 1975). While this may

only be true for M.pneumoniae which is one of a few mycoplasmas

that are unable to synthesize adenine from adenosine, it

demonstrates the potential effects of mycoplasmal nucleases.

Pathogenicity.

Because of their limited metabolism, Mycoplasmas tend

to live in close association with other cells, and around a third of all

known mycoplasma species are thought to be pathogenic.

Of the mycoplasmas that have been isolated from man to date

(numbering about thirteen), only Mycoplasma hominis. Ureaplasma

urealvticum. Mycoplasma pneumoniae. Mycoplasma aenitalium and

Mycoplasma fermentans/incoanitum are either known or thought to be

pathogenic.

Whether Ureaplasma urealvticum is a causative agent in any

diseases has been a controversial issue for some years due to several

complicating factors. One of these factors is the sex and age related

presence of Ureaplasma urealvticum at low titre in a large number of

asymptomatic and apparently healthy individuals, sometimes
estimated at being up to a third of the population in the UK
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(Taylor-Robinson, D. 1986). Another major problem has been the

inevitable difficulty in producing meaningful statistics from mixed

populations of subjects where several significant factors may

remain unknown. These unknown factors could include things such as

age, health-status, predisposition, co-infection with other organisms

and social factors like sexual habits.

The presence of low levels of Ureaplasma urealvticum in

asymptomatic individuals raises some questions; does the pathogenic

effect of the organism depend solely on the titre of infection, or are

there qualitative factors? Apart from the important question of

whether all strains of Ureaolasma urealvticum are potentially

pathogenic, additional qualitative factors could include the status of

the immune system of the carrier, co-infection with other organisms

and the hormonal status of the carrier. Unfortunately, few studies on

the pathogenesis of the organism to date have included titre

estimations.

Although some studies have indicated specific serotypes of

Ureaplasma urealvticum may be associated with individual disease

states, and that some serotypes of the orghanism may be pathogenic

while others are commensal, there appears to be an even distribution

of serotypes within asymptomatic individuals (Hewish, M.J., et al

1986).

Non-aonococcal urethritis.

Ureaplasma urealvticum and Chlamydia trachomatis have been

isolated from a high proportion of cases of non-gonococcal urethritis

(N.G.U.) especially from males and it has been claimed that

Ureaplasma urealvticum is responsible for up to 50% of cases. It has

been reported that Chlamydia has an inhibitive effect on infection of

the urinary tract by Ureaplasma (Paavonen, et al 1978), and this may

have obscured the results of some of the statistical studies. Those
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that have excluded data from Chlamvdia-infected individuals are able

to show an association between Ureaplasma urealvticum and N.G.U.

(Wong, et al 1977). However, although it is not clear what

percentage of cases are actually caused by the Ureaplasma. it is now

generally accepted that it is the causative agent in at least some

instances (Taylor-Robinson, D., et al 1971).

I nferti I itv.

The involvement of Ureaplasma in infertility is a complex and

somewhat confused issue. Although it has been indicated that the

organism can affect semen parameters - it has been demonstrated to

bind to spermatozoa, and reports that presence of the organism often

coincides with lowered sperm counts and reduced sperm motility -

the organism seems to be present in semen of infertile males in too

low titres for it to be a significant factor in the condition unless

some other non-physical effect is involved (Taylor-Robinson, D.

1986). Despite the ability to bind spermatozoa, there is little
evidence that Ureaplasma urealvticum is involved in urogenital tract

infections that give rise to production of anti-spermatozoa

antibodies associated with reduced male fertility.

Chorioamnionitis.

Ureaplasma urealvticum has been isolated more frequently from the

placenta of pregnant women suffering from chorioamnionitis than

from women who do not (Quinn. P.A., et al 1987) but although

implicated as a cause of this condition, more data examining
infection with and without coinfection by other organisms is

required to make confident statements about the extent of its
involvement.
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Stillbirth and spontaneous abortion.

Ureaplasma urealvticum colonization of the endometrium is more

frequent in women who frequently spontaneously abort than in those

who have successful pregnancies, and the organism has been isolated

from the lung, heart and brain of aborted foetuses in some cases. The

existance of successful pregnancies in Ureaplasma-infected

individuals clouds the issue. The more frequent isolation of

Ureaplasma urealvticum serotype 4 from women with a history of

unsuccessssful pregnancies, along with raised antibody titers to

serotypes 4,6 and 8 in infants, and mothers with a history of abortion

indicates that some serotypes may be more deleterious to pregnancy

outcome than others.

Arthritis.

Ureaplasma urealvticum has been isolated from the joints of

patients with sceptic arthritis with variable frequency but most

often from individuals suffering from hypogammaglobulinaemia.

Isolation frequency from joints of individuals who develop sexually

aquired reactive arthritis is however still very low from a condition

that arises at low frquency itself in individuals with N.G.U..
i

Although Ureaplasma urealvticum is implicated in the

conditions above and has been demonstrated to be a causal or at least

contributing factor in some of the disease processes, the frequency

at which it is involved in these conditions is still somewhat unclear.

This is partly due to time-consuming and expensive methods of

detection and quantitation which mean that screening for the

organism is not routinely carried out in many situations where it may

be informative. It was to address this problem that the diagnostic

PCR based on Ureaplasma urealvticum-specific sequences in the

urease gene of the organism was conceived.
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In addition U.urealvticum. has been associated with with other

conditions including Low birth weight. Neonatal pneumonia. Infection

of CNS in preterm infants and Pelvic Inflammatory disease but

conclusive evidence for its involvement in these conditions has not

yet been presented.

Properties of the Ureaolasma urease.

Urease is synthesised by many eukaryotes including some plants and

invertebrates and by many microorganisms. In bacteria the enzyme

may help an organism to colonise certain environments and it is not

uncommon for some organisms within a family to possess the enzyme

while others within the same family do not. In some bacteria the

ability to produce the enzyme may be a transient property, for

example Providentia rettaeri is phenotypically identical to

Providentia stuartii except that the latter possesses urease activity

whereas the former does not. Likewise, there are transiently

urease-positive strains of E.coli and Streptococcus faecium. It is

thought that the urease in S.faecium is contained on a plasmid.

Providentia stuartii has been shown to contain urease genes on an 82
i

Kb plasmid (H.L.T. Mobley, et al 1986) and that in some situations this

plasmid can transform E.coli strains to a urease-positive phenotype.

Transient urease activity in E.coli has also been demonstrated in

strains that are plasmid-free and it is thought that in these cases

the urease genes may be associated with repetitive insertion

sequences which are thought to mediate DNA rearrangements

(Collins, C.M. et al 1988).

The physical properties of bacterial ureases share general

traits but there is some variation between them. The apparent

molecular weights of the native enzyme varies between 200 kDa and

380 kDa, but considering the inaccuracies involved when estimating
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protein size from polyacryiamide gels or HPLC columns, this spread

of values is quite small. The molecular weights of the individual

subunits of the ureases vary, but the cloning and sequencing of the

structural urease genes from Proteus mirabilis (Jones, B.D. et al

1988), Helicobacter pylori (Clayton, C.L. et al 1989) Ureaplasma
ureaIvticum (Blanchard, A. 1990) and Klebsiella aeroaenes

(Mulrooney, S.B., et al 1990) and their comparison with jack bean

urease, and deletion studies on Providentia stuartii (H.L.T. Mobley, et

al 1986) and Klebsiella pneomoniae (Gerlach, G.F. et al 1988) have

indicated that there may be considerable amino acid sequence

homology between many of the bacterial ureases and that the

variation in size of the subunits in some species is partly due to the

fusion together of two or more of these proteins. The two most

common arrangements are for either a single size of subunit (65-75

kDa) forming a multimer, or for a more complex multimer composed

of three different sized subunits (65-75 kDa, 10-14 kDa and 8-12

kDa). From earlier work it was established that the urease of

Ureaplasma urealvticum consisted of three subunits of

approximately 72 kDa, 14 kDa and 11 kDa (Thirkell D. et al, 1989). The

arrangement of these subunits into an active enzyme complex
i

produces native enzyme which is estimated to have a moiecular
weight between 200 and 380 kDa, though the arrangement of

subunits is thought to vary from dimers to hexamers of the single

subunit to complex arrangements of heterogenous subunits (for

example, OC2P4T4 in K.aerogenesl. The cloning of the P.mirabilis

urease locus included the sequencing of three open reading frames

(ORFs) of 483,615 and 822 base pairs, which could produce peptides
of 17.6, 25.2 and 21.9 kDa respectively, in addition to the three

structural urease genes (Jones, B.D., et al 1988). Although the

function of these genes has yet to be determined, it has been

suggested that they could be involved in the assembly of the enzyme,
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facilitating the insertion of nickel ions into the enzyme complex, or

regulation of the enzyme expression. Deletion sudies on a

urease-encoding DNA fragment from K.pneumoniae has shown that

there are three associated peptides of 43, 34 and 25 kDa which may

be required for stable urease expression and are thought to be

involved in urease regulation (Gerlach,G.F., et al 1988).

The optimum pH for activty in bacterial ureases varies

between pH 6.8 and pH 8.7, but most of the species that have been

studied actually have their pH optima between pH 7.5 and pH 8.0

(Mobley, H.L.T. et al 1989). The enzyme is partitioned to the soluble

cytoplasmic fraction in most microorganisms and this is true of

Ureaplasma urealvticum (Delisle, G.J. 1977.). Although urease enzyme

activity in a protein preparation from the organism has been

demonstrated after storage for nearly a month at 4°C (Stemke, G.W.,

et al 1987), in our hands purified enzyme loses nearly ail of its

activity within a few hours in similar conditions. However 45-50% of

enzyme activity was preserved if the enzyme was stored at -70°C
for periods of up to 3 months and thawed for use (Thirkell, D., et al

1989).

The Km values of microbial ureases varies from 0.1 to

100 mM with the urinary tract inhabitants tending towards moderate

Km values of 2-10 mM in keeping with likely physiological urea

concentrations, the value for U.urealvticum being around 2.5mM

(Mobley, H.L.T.,et al 1989). The specific activity of the U.urealvticum

urease is however unusually high and has been reported as being as

high as 180 mmol/min/mg of protein (Stemke, G.W., et al 1987) as

compared to other microbes which mostly have specific activities in

the region of 1-5000 pmol/min/mg of protein, which is comparable

to the activity of the urease from C.ensiformis. The large subunit of

U.urealvticum urease has been demonstrated to contain nickel

(Thirkell, D., et al 1989). Brevibacterium ammoniagenes and Bacillus
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pasturii have been shown to contain one nickel atom per large

sublimit of the enzyme whereas K.aeroaenes and P.stuartii which have

been demonstrated to contain two atoms of nickel per large subunit.

No other ureases have had their nickel content quantified at the time

of writing.
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<METHODS>

Strains used.

Ureaolasma urealvticum serotypes 1(T7), 4 (11860), 6 (1253) and 8

(T960) were obtained from D. Taylor-Robinson (Clinical Research Centre,

Harrow, U.K.). Serotypes 2 (T23), 3 (DFK3), 5 (NIH5), 9 (9-Vancouver), 10

(10 Western), 11 (11-JSL2), 12 (JSL5), 13 (JSL6) and 14 (JSL2) were

obtained from J. Robertson (University of Alberta, Edmonton, Canada) and

serotype 7 (ATCC 27819) was obtained from the American Type Culture

Collection. Ureaplasma strains isolated from cat, dog, and chimpanzee,

Mycoplasma fermentans (PG18) and Mycoplasma hominis (27819) were

obtained from D. Taylor-Robinson. The strains of Proteus mirabilis.

Klebsiella aeroaenes. Klebsiella pneumoniae were isolated from sewage

effluent and characterised in the department. Providencia stuartii is a

clinical isolate and was obtained from C. Fox (Fife Area Laboratory,

Victoria Hospital, Kirkaldy).

Purified DNA from Pseudomonas aeruginosa. Staphlococcus aureus.

Yersinia enterocolitica and several strains of Helicobactor pylori were

gifts from M.J. Pallen, Department of Medical Microbiology, St.
Bartholomews Hospital Medical College, London WC1A.

The Escherichia coli K12 strains used as cloning hosts were JM83 and DH1.

Materials and Chemicals.

All chemicals were supplied by BDH and all media and molecular biology

components were supplied by Gibco (BRL) unless otherwise stated.

Ureaplasma urealvticum culture.

This was essentially as described (Precious, B., et al 1987). Media was

made up fresh for use, and consisted of the following: 70% (v/v) PPLO
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broth (Difco), 20% (v/v) donor horse serum (Gibco, BRL), 10% (v/v) fresh

yeast extract, 0.1% (w/v) urea, 0.025% (w/v) phenol red, 103 lU/ml

benzylpenicillin, adjusted to pH 6.0 with sterile molar hydrochloric acid.

This slightly acidic media is pale brown in colour, but on growth of the

organism, the pH rises to between 7.6 and 8.1 and the colour changes to

dark red.

'Seeds' of log-phase ureaplasma culture were frozen at -70°C. 10 ml of

sterile medium was inoculated with 100piI of freshly thawed seed and

incubated overnight at 37°C in a static incubator. At 18 hours 200p.l of

this starter culture was used to inoculate each 500ml bottle of media

(provided that the starter culture was red in colour). The bottles were

incubated in a similar manner and their pH checked at regular intervals

after 18 hours. Once the pH had risen above pH 7.6 they were harvested by

centrifugation in a Beckman J-21 centrifuge for 25 minutes, using a J-21

rotor at 12 000 rpm (25 000 x g) for 20 minutes at 4°C, the media being

gently poured off and fresh culture added for the next centrifugation so

that accumulative pellets formed at the bottom of the centrifuge bottles.

These small pellets, which were a dirty brown/grey in colour were

eventually resuspended in phosphate buffered saline A (PBS) (Dulbecco,R.

et al 1954) and transferred to a 50ml centrifuge tube and centrifuged at

20 000 rpm (45 000 x g) for 20 minutes at 43C. The resulting pellet from

this process was resuspended in 10-20mls of PBS and gently layered onto

20mls of a 25% (w/v) sucrose solution in a similar tube and centrifuged

for 1 hour at 45 000 x g. The final pellet was resuspended in PBS if

proceeding to a protein preparation or in 10mM Tris.hydrochloride 1mM
EDTA pH 8.0 (TE) if proceeding to a DNA preparation.

Mycoplasma culture.

M.fermentans was grown in PPLO broth with 20% (v/v) donor horse serum,

5% (v/v) yeast extract, 0.01% (w/v) phenol red, and 0.1% (w/v) glucose and
M.hominis was grown in essentially the same medium but with 0.2% (w/v)
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L-arginine hydrochloride instead of glucose. M.fermentans medium was

adjusted to pH 7.8 with hydrochloric acid, and after growth of the

organism changed to around pH 7.1. M.hominis medium was adjusted to pH

7.0 with hydrochloric acid and changed to around pH8.0 after growth of the

organism. Both were harvested as above.

Bacterial culture.

All bacterial strains were grown essentially in Luria broth (LB) (Difco) or

on LB plates with the following additions. P .stuartii. P. mirabilis.

K.aeroaenes and K.pneumoniae cultures had urea added to a final

concentration of 1% (w/v) and harvested by centrifugation (4 000 xg,10

minutes). Transformed E.coli strains were cultured with appropriate

concentrations of antibiotics (ampicillin (Amp) at 25 pg/ml, tetracycline

(Tet) at 50 pg/ml) (Sigma) for isolation of recombinants possessing

selectable characteristics. Where appropriate, recombinants were

identified by plating transformed E.coli on Amp LB plates that contained

5-bromo 4-chloro 3-indolyl (3 D-galactoside (BCIG) at 60 pg/ml and

isoprpyl (3 D-thio galactopyranoside (IPTG) at 72 pg/ml (Sambrook, J., et al

1989).

In the expression experiments involving plasmids pJL3 and pUX,

IPTG alone was also added to the media at a similar concentration in order

to induce transcription from the plasmid-encoded tRNA gene. However, as

the product from this gene was extremely detrimental to the bacteria,

IPTG was only added to cultures that were in log phase with an O.D.550 0f

at least 0.5.

Isolation of genomic DNA.

The pellet produced from 10 litre cultures of mycoplasmas or from 10

mis of other bacteria was resuspended in 5mls of TE, SDS was added to

1% (w/v) and proteinase K (Gibco BRL) to 1 mg/ml and incubated for 2

hours at 50 °C. After this period, 2mls of chloroforrmisoamyl alcohol
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(24:1,v/v) were added and the tube was swirled gently for 10 minutes,
after which 2mls of 0.5 M Tris.hydrochloride pH 8.0-equilibrated phenol

were added and the tube was mixed again. After centrifugation (2 000 xg

, 10 minutes) the aqueous phase was carefully removed with a wide bore

pipette to a new tube. Two volumes of absolute ethanol were added slowly
to form a layer and the DNA collected by spooling. Dried DNA was

resuspended in TE.

Purified DNA from Pseudomonas aeruginosa. Staphlococcus aureus.

Yercinea enterocolitica and several strains of Helicobactor pylori were

gifts from M.J. Pallen, Department of Medical Microbiology, St.
Bartholomews Hospital Medical College, London WC1A.

Urease purification.

Ureaplasma urealvticum (serotype 8) was grown and harvested as

described above. Cells from 10 litres of culture were collected by

centrifugation and resuspended in 10 mis of PBS containing 0.5% (v/v)

Nonidet-P40 (PBS-NP40) and sonicated in thirty second bursts with thirty

second periods of cooling on ice for a total of 10 minutes. The PBS-NP40

suspension was applied to an affinity column containing anti-urease
monoclonal antibody UU8/17 as described previously (Precious, B., et al

i

1987), and washed with PBS-NP40 until no further protein could be

detected coming off the column. Urease was eluted from the column with

0.1 M Tris.hydrochloride-borate buffer at pH 10.0 and 0.5 ml fractions

collected in Eppendorf tubes containing 5jil of M Tris.hydrochloride pH 7.6.

Protein estimation.

2 [iI of the column eluent was spotted onto nitrocellulose strip and then
stained with 0.4% (w/v) napthalene black in 10% (v/v) methanol, 10%

(v/v) glacial acetic acid and destained with the same solution minus the

napthalene black. The aliquots with the highest protein concentrations
were then pooled. The average yield of purified urease from 10 litres of

24



culture was 1-2 mg. This was shown to be active by using the urease

catch test previously described (Precious, B.L., et al 1987).

Separation of subunits.

The urease dissociated into three subunits of 12 kDa, 14 kDa and 72 kDa

when fractionated by electrophoresis in a denaturing 6% polyacrylamide

gel as described previously (Precious, B.L., et al 1987). The gel was

eiectrotransferred to an Immobilon-P membrane (Millipore) and stained

with Coomassie Blue (Neagle, J., et al 1989) prior to N-terminal sequence

analysis.

Amino acid sequencing.

This was carried out by Dr B.Dunbar and Prof. J.Fothergili at the SERC

sequencing facility, Dept. of Molecular and Cell Biology, University of

Aberdeen, using an Applied Biosystems Model 470A gas phase sequencer

with an on-line PTH analyser on material cut directly from the

Immobilon-P membrane (Neagle, J., et al 1989).

Titration of Ureaolasma.

Log phase cultures of ureaplasmas were serially diluted by adding 200 (il
i

of the culture to 1.8 ml of ureaplasma growth medium containing phenol

red indicator in 2.0 ml bottles and incubated at 37°C for three days or

until no further colour change was observed. The highest of the serial

dilutions to have turned from yellow to red after the incubation was

assumed to have between one and ten colour change units (ecu).

Urease catch test.

The 'Urease catch-test' was performed ewxactly as previously described

(Precious, B.L., et al 1987).
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Urease indicator agar slopes.

These were made as previously described (Christiansen, C., 1946). The

urea content of the agar induces urease activity in those bacteria in which

urease is not constituent as well providing the substrate. Phenol red

indicator in the agar makes it yellow in appearance when the agar is at pH

6.0 or below, but a striking red or pink colour if the pH is alkaline.

Although this is not a test specific for urease, a sharp rise in pH is

usually a useful indicator of urease activcity.

Urease 'dip stick' catch test.

This was a modification of the catch test (developed by B.Precious and

D.Thirkell) in which a relatively large area of nitrocellulose was used in

order to enable more of the primary antibody to be used in the assay, thus

increasing sensitivity. 1 cm^ squares of nitrocellulose were incubated

overnight (>12 hours) at 4°C in a 1 in 50 dilution in PBS of a monoclonal

antibody raised against Ureaplasma urease (UU8/17). These squares were

then washed in PBS three times and then blocked by incubation in 3% BSA

(w/v) in PBS for 30 minutes shaking at 20°C. The squares were then

washed again three times in PBS and stored at 4°C in PBS. NP40 was added

to a concentration of 0.25% (v/v) to samples of organisms to be tested

(whether Ureaolasma or recombinant E.coliT and 200pl aliquots of these

samples were incubated with the above treated nitrocellulose squares

shaking for 3 hours. The squares were removed and washed in (PBS-NP40)

once and then three times with PBS alone. The squares were then moved to

clean bottles containing 200p.l of 15mM urea in PBS and incubated at

20°C for 40 minutes. Following this 10Opil each of phenol nitroprusside

and 10Opil alkaline hyperchlorite were then added and colour was assessed

either by eye after 30 minutes or 200p.l portions were transferred to a

96-well ELISA plate and read at 600 nm on a multiscan.
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Western blots.

These were performed essentially using standard methods (Harlow, E., et

al 1988) in a semi-dry electroblotter (Ancos) using the buffers and

system of stacking nitrocellulose filters with 3MM filter paper (Whatman)

as recommended by the manufacturers.

Prepared blots were probed with a 1 in 300 dilution of mouse anti-urease

monoclonal antibody UU8/17 in PBS as per standard methods (Harlow, E.,

et al 1988) and after blocking with 3% BSA in PBS, a peroxidase linked

sheep-anti-mouse immunoglobulin (Amersham) was used at a 1 in 300

dilution in PBS containing 3% BSA as the second antibody. To develop the

blot, 0.6% of 3,3'-diaminobenzadine (D.A.B) (w/v) in 10 ml of 50 mM

Tris.hydrochloride pH 7.6 containing 0.3% (w/v) cobalt chloride was added

to the blot. With the addition of 10pl of 30% hydrogen peroxide, the blot

was incubated shaking for 10 minutes at room temperature (Harlow, E., et

al 1988). Development was stopped by washing the blot with PBS.

Cultures used directly as PCR templates.

1 ml of Ureaplasma urealvticum culture containing about 106ccu was

centrifuged (20,000xg, 10 minutes) at room temperature after which the

pellet was resuspended in 1 ml of distilled water and placed in a boiling

water bath for three minutes. Tenfold dilutions were made in 500piI of

distilled water containing sonicated salmon sperm DNA (1 OOpg/ml). 1 p.I

of the resulting solutions were added to a standard PCR reaction.

DNA MANIPULATIONS.

Oligonucleotides.

These were synthesised on a model 381A DNA synthesizer (Applied

Biosystems Inc.) by I.Armitt and J.Hunter.
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Polymerase Chain Reaction (PCFO used in cloning.

Optimal conditions for carrying out PCR reactions with degenerate

primers (Girgis, S.I., et al 1988.) were explored bearing in mind the size of

the genome in relation to the amount of template and primer as well as

other parameters such as magnesium ion and dNTP concentrations.

Standardised PCR reactions contained 25 pM of each primer, 25 mM each

dNTP, 100ng purified template DNA or 1pl of denatured culture pellet , 1x

PCR buffer (10 mM Tris.hydrochloride pH 8.3, 6 mM MgC^, 50 mM NaCI) and

3 units of Taq DNA polymerase (Perkin-Elmer,Cetus) in a volume of 50p.l.

20pLI of liquid paraffin was added to each tube to prevent evaporation of

the reaction mixture. Temperature cycling was on a Techne programmable

heating block, the standard programme being denaturation at 93°C for 1.5

minutes, annealing at 55°C for 2 minutes, and an extension period at 72°C
for 1.5 minutes, 30 or 40 cycles. 3 units of Taq DNA polymerase were

used for the 30 cycle PCR ; for the 40 cycle PCR, 3 units of enzyme were

added at the start and an additional 3 were added after cycle 25.

Typically 10pl of the reaction was loaded onto a 1% agarose gel containing

ethidium bromide and electrophoresed at 75 volts for 30 minutes before

being photographed under UV light. The whole process from sample

harvesting to photography of the gel took less than 4 hours.

PCR amplification of larger fragments of DNA were essentailly

similar,but longer extension periods were allowed. This longer extension

time was in proportion to the length of fragment being amplified assuming

the speed of addition of dNTPs by Taq polymerase to be in the region of 24

bases per second at 55°C and above (Innis, M.A., et al 1988).

'PCR walking'.

The 'PCR walking' method involved ligating a double stranded

oligonucleotide (the 'ligatable primer' or LP) onto compatible ends of

template DNA that had been digested with a restriction enzyme, and
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performing a PCR reaction between one of the specific primers deduced
from the amino acid sequence and an excess of single stranded ligatable

primer (see Fig. 2). The LP used here was designed as an unphosphorylated

oligonucleotide which when annealed to itself would contain Eco R1 and

Hind III restriction sites and a 5' GATC overhang:

5'- GATCCGAATTCAAGCTTGAATTCG

GCTTAAGTTCGAACTTAAGCCTAG -5'

The 'PCR walking' was performed by digesting 0.5 pg of template DNA with

10 units of either BamH 1, Bgl II, Bel I, Sau 3A or Mbo I for 2 hours at

masnufacturers' recommended conditions in a volume of 25 pi. This digest

was then precipitated with the addition of 0.25M sodium acetate (NaAc)

and 3 volumes of absolute ethanol. The digested DNA was then washed in

70% ethanol and resuspended in 10 pi of sterile distilled water. All of this

resuspended DNA was then incorporaterd in a ligation reaction which
included 75 pM of duplex LP (this had been heated to 65°C for 3 minutes

and then incubated at 37°C for 20 minutes to faillitate duplex formation),

1x ligation buffer including 5 mM ATP and 2 units of T4 ligase. The

ligation reaction was incubated overnight at 4°C and then 5 pi,of it was

added to a PCR reaction as the template. This reaction also contained 25

pM of a specific primer and an additional 25 pM of the LP, 1x PCR buffer ,

25 pM of each dNTP and 4 units of Taq DNA polymerase. The rection

temperature cycle was as follows: 93°C for 1.5 minutes, annealing at

55°C for 2 minutes, and an extension period of 4 minutes at 72°C. This

extension time was to allow fragments of 5 Kb and over to be synthesised

(see above).

The reaction products were loaded into a wide well on a 1%

agarose gel and after fractionation by electrophoresis the bands of

interest were excised and the DNA fragment was purified by

electroelution into dialysis tubing (Sambrook, J., et al 1989). These
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purified bands were used as template in secondary PCR reactions

containing 25 pM each of the specific and the ligatable primers, usually

with a standard cycle. The product of these reactions was then excised

from an agarose gel and purified before ligation into a vector or use as a

primer for asymmetric PCRs.

Cloning of PCR products.

PCR fragments of interest were inserted into pUC19 in the following way.

PCR products for cloning contained an 'engineered EcoRV site at either end

were digested by adding 10 units of Eco R1 and an appropriate volume of

buffer directly to the PCR reaction and incubating for 60 minutes at 37^C,
and then precipitated at -20®C with NaAc at 0.25 M and 2.5 volumes of

absolute ethanol. Pellets were washed once in 70% ethanol, air-dried and

dissolved in sterile distilled water.

Ligation of Eco R1 digested products into Eco R1 digested

vector were performed with titrations of the PCR product and 200 ng

amounts of vector. All vector digests were dephosphorylated to prevent

religation of empty vector. All ligation reactions contained 1x ligase
buffer (BRL) which contains free ATP to power the reaction as well as

reaction salts. 1-2 units of T4 DNA ligase in a volume of 20-30 pi was

added and ligations were left at 4®C overnight.

Whole ligation reactions were used to transform calcium chloride

competent E.coli JM83 (Sambrook, J., et al 1989). After incubation at 37®C
for 60 minutes, cells were then plated on Amp LB plates with BCIG and

IPTG (as described above) for 14 hours at 37°C.

PCR amplification of Proteus mirabilis urease gene sequences.

Four PCR primers were synthesised based on the published sequence of the

P.mirabilis urease locus. These were designed to amplify two fragments

from the P.mirabilis genome that would contain the three non-structural

urease genes (see Fig.12). Using these primers in two standard PCR
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reactions (PmD1 with PmD2 and PmE1 with PmF1) with P.mirabilis

genomic DNA as the template, two bands of exactly the predicted size

were produced. These were labelled by random primer labelling and used

to probe Southern blots.

Consruction of Genomic DNA library in PUC18.

1 (ig of genomic DNA from Ureaplasma urealvticum serotype 8 (T960) was

digested to completion for 3-4 hours with 80-100 units of either Eco R1,

Bam H1, Bel 1 or Bgl II (with manufacturer's recommended incubation

conditions). The resulting digests were precipitated and then redisolved in

distilled water as above and then ligated into pUC19 also essentially as

above, and used to transform JM83 cells. Eco R1 digested DNA was

inserted into plasmid digested with the same enzyme, while Bam H1, Bel 1

and Bgl II were inserted into BamH1 digested dephosphorylated pUC19.

Genomic DNA digests were electrophoresed on ethidium

bromide stained gels and viewed under U.V. light to check that the digests

were successful. From these it was possible to see that the size of

fragments produced from these digests were mostly in the range of 1-10

Kb. To produce a very rough calculated estimate for the number of cloned

fragments that would need to be screened in order to have a reasonable

expectation of selecting one that contained the urease locus, we assumed

that the average digest size was 5 Kb and that the size of the genome was

1000 Kb. From this, the number of different fragments theoretically

needed to cover the complete genome once would be of the order of 200.

For each library plating, 3-4000 transformed colonies were screened,

covering the genome theoretically 15-20 times. Altogether, nine such

platings of different Eco R1 libraries, six platings of Bgl II libaries, three

platings of a Bel 1 library and one plating of a BamPI 1 library were

screened. From this one might expect between 150 and 250 positive

clones, assuming a random distribution of cloned fragments, that the

urease sequence was not deleterious to the recipient E.coli and that the
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above estimate was approximately correct.

Dephosphorvlation of vector digests.

Immediately following restriction digests, vector prepparations were

precipitated using sodium chloride and 2.5 volumes of absolute ethanol.

Dephosphorylation was performed using 0.1 units of bacterial alkaline

phosphatase (BAP) in a reaction volume of 50pl which contained „ 20 pM

of DNA termini, Tris.hydrochloride pH 8.0 at 50 mM, and zinc chloride at 1

mM. The reaction was incubated at 60°C for 30 minutes and then stopped

by the addition of SDS to 0.1% and proteinase K to 100 pg/ml. The DNA

solution was extracted with phenol and then chloroform-isoamyl alcahol,

and then precipitiated with sodium acetate and ethanoi (Sambrook, J., et

al 1990).

32P labelling of probes.

Oligonucleotides were labelled with 32PyATP using T4 polynucleotide

kinase as described (Sambrook, J., et al 1989). All oligonucleotides were

supplied unphosphorylated.

PCR products were labelled with 32PdCTP by using the Pharmacia

random primer labelling kit according to manufacturers instructions.

These were essentially as follows; DNA to be labelled (10-50 ng) was

diluted as required and to this was added an appropriate amount of 10x

buffer containing random hexanucleotides, dATP, dTTP, dGTP and the

reaction salts. This was heated to 653C for 2 minutes and then

immmediately incubated at 373C for 20 minutes. 32PdCTP (10jj.Ci/10 ng of

DNA) and T4 polynucleotide kinase were then added and the whole was

incubated at 373C for a further 60-90 minutes. Reactions were then

stored at -203C until purification.
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Separation of labelled probe.

Unincorporated label was removed from all of the above labelling

reactions by passing the reaction down a Sephadex G-50 fine separation

column. This consisted of a glass pasteur pipette drawn out at the tip,

partially plugged with glass wool and filled with a suspension of Sephadex

G-50 fine (Pharmacia) in 5xSSC, 0.1 % SDS. After applying the reaction to

the columnm, follow-through washes of 5xSSC, 0.1 % SDS were added and

the column effluent was collected in 140 \iI portions and counted to

determine the peak of labelled DNA and the peak of unincorporated label.

One or two of the portions containing the peak of labelled probe were

heated in a water bath at OO^C for three minutes prior to adding them to

the hybridisation mix in the case of double stranded DNA, or added

straight to the hybridisation mix without heating in the case of

oligonucleotide probes.

Southern Blotting.

5[ig aliquots of genomic DNA were digested with 20 units of restriction

enzyme for 3 hours using recommended conditions, electrophoresed on

0.7% agarose gels containing ethidium bromide and then blotted onto

Hybond-N (Amersham) using standard procedures (Sambrook, J., et al

1989). Hybridisations were carried out for 24 hours at 55°C in 5xSSC and

0.2% SDS with 100(ig/ml sonicated salmon sperm DNA. Low stringency

washing of blots was carried out in 5xSSC, 0.2% SDS at 42°C and at

various higher temperatures, stringent washing was performed in

O.lxSSC, 0.2% SDS at 60°C. Fuji X-ray film was exposed to the air-dried

blots with single back intensifying screens for 3 days at -70°C.

Screening of libraries.

'Lifts' were taken from the plates of transformed E.coli onto 82 mm

diameter circular Hybond-N (Amersham) or BioTrace (Gellman) filters as

described (Sambrook, J., et al 1989). Filters were baked at 80®C under
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vacuum for 2 hours and then washed extensively in 0.1 x SSC, 0.1 % (v/v)

SDS at 65°C before prehybridisation. Prehybridisation and hybridisation

was carried out at 55°C in 5xSSC and 0.2% (v/v) SDS with 100p.g/ml

sonicated salmon sperm DNA. Prehybridisation was for 2 hours and

hybridisation was for 24 hours. Low stringency washing of blots was

carried out in 5xSSC, 0.2% (v/v) SDS at 42°C and stringent washing in

O.lxSSC, 0.2% (w/v) SDS at 60°C. Fuji X-ray film was exposed to the

air-dried blots with intensifying screens for 3 days at -70°C.

Secondary screening of colonies using PCR.

A quick method of screening colonies was devised for secondary screening

which involved using a small amount of individual colonies as templates

in a PCR. Standard PCR reaction mixes minus template DNA, Taq

polymerase and paraffin oil were prepared using primers 14b and c72b

and aliquoted into 0.75 ml eppendorf tubes. Sterile toothpicks were

touched to individual colonies to be tested and then the tips were broken

off into separate mixes as prepared above. The tubes were sealed and then

placed in a programmable heating block and subjected to 2 minutes at

94°C. They were then centrifuged in a microcentaur at 1300 rpm for a

minute, and 2 units of Taq polymerase was added, and paraffin oil was

layered onto the reaction mixture which was then put in a programmable

heating block for a standard 30 cycle PCR (see above). 10 \i\ portions of

these reactions were then analysed by electrophoresis on a 1% agarose gel

containing ethidium bromide). The presence of a band of 470 b.p. indicated

that the cloned fragment used as template contained at least part of the

urease locus.

DNA Sequencing.

All sequencing was by the dideoxy chain termination method, performed

using modified T7 DNA polymerase (Sequenase) with the sequencing kit

from USB Corp., with either 32P dATP or 35S dATP. All PCR products
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intended for sequencing were produced using primers incorporating either

Eco R1 or Hind III recognition sites at the 5' end. Purified PCR fragments

were digested with Eco R1 and/or Hind III and then ligated into the cloning

site of pUC18. Plasmid purified by caesium chloride density centrifugation

(Sambrook, J., et al 1989) or caesium chloride DNA minipreparation

(Saunders, S. E., et al 1990) was produced for double stranded sequencing

(Zang, H., et al 1988). Some of the PCR primers were used as sequencing

primers and additional oligonucleotides corresponding to internal

sequences were synthesized to facilitate sequencing (see Fig.s 10a, 10b

and 18). Sequencing reactions were electrophoresed on denaturing 8%

polyacrylamide gels as per standard methods (Sambrook, J., et al 1989).

These were peeled off the gel plates with 3MM paper, fixed in 10% (v/v)

methanol, 10% (v/v) acetic acid before being dried with a heated vacuum

drier. Dried gels were used to expose Fuji X-ray film at -70®C without a

screen for 14 (32p labelled dATP) or 36 hours labelled dATP).

Ureaolasma diagnostic PCR (see Discussion).

St. Andrews version. Reactions were made up to 50 pi total volume

without the enzyme in a sterile hood and were then overlayed with oil and

incubated at 93°C for 1.5 minutes. Taq polymerase was then added through

a layer of paraffin oil into the mix, and the tube was put on the

programmable heating block for the following programme: 93°C for 1.5

minutes, 50°C for 1 minute, 72°C for 1 minute, 72°C for 5 minutes, 30

cycles. PCR reactions contained the following: 5mM MgC^, 10 mM

Tris.hydrochloride pH8.3, 500mM KCI, 25 mM each dNTP, 4 units of Taq

polymerase (Boehringer-Mannheim (BCL) and primers 14b and 72b

(renamed d1 and d2) at 12 pM each.

CRC. Northwick Park version. This PCR involved four separate PCR primers

in a two stage 'nested' PCR which was performed as follows. The material

recovered from ceritrifugation of the sample (see above) was redissolved

in 50 pi of sterile distilled water, and transferred. Premixed first stage
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reaction mix including enzyme was added to a 0.75 ml eppendorf tube and

oil was layered onto the surface to this tube. All 50 pi of the redissolved

sample was then added to the mix through the oil and the tube was put in a

programmable heating block for the following programme: 93°C for 1.5

minutes, 50°C for 1 minute, 72°C for 1 minute, 72°C for 5 minutes, 30

cycles. Upon completion of this PCR, the reactions were stored at -20°C

until the second stage could be performed. For this, 2pl of the first

reaction was added straight to a 0.75 ml eppendorf tube containing

premixed second stage PCR mix and again with a paraffin oil layer. This

reaction was subjected to the same programme in the heating block as

was the first stage. Upon completion of this, 20 pi of the reaction mix

was electrophoresed on an 2% (w/v) agarose gel containing ethidium

bromide and photographed under U.V. light.

PCR reactions contained the following: 2mM MgC^, 10 mM

Tris.hydrochloride pH8.5, 50mM NaCI, 25 mM each dNTP, and 4 units of Taq

polymerase (Boehringer-Mannheim (BCL). First stage mix contained

primers d1 and d2, second stage mix contained primers d3 and d4. All

primers were at 12 pM in the rection.

Precautions against contamination in diagnostic PCR.

In St. Andrews. All solutions to be used for PCR were autoclaved

where possible and kept in sealed sterile tubes. All solutions were

aliquoted into small amounts and strored away from the PCR preparation

area, and all PCR mixes were prepared in a sterile hood by the same

operator (JJW) wearing a face mask and sterile cap.

In the CRC. Northwick Park. A designated 'clean room ' was set up,

into which no samples or any items that might have been in contact with

samples or with positive DNA controls were allowed. It was equipped with
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separate labcoats, pipettes, tips, gloves, and solutions.
A designated 'sample room' was set up in which to deal with

sample processing and preparation. This area contained an isolation

cupboard which allowed PCR mixes to be segregated from the rest of the

room when sample was added.

Other areas were designated 'dirty' areas for manipulation of

organisms, running of gels and preparation of positive controls.

All solutions for PCR were made up in sterile disposable tubes in very

small aliquots in the 'clean room', including parafin oil and distilled

water. Each area was supplied with separate labcoats and pipettes which

were not allowed to be moved between areas.

Consumable materials were only allowed to travel downwards

through the system (i.e. from clean to sample to dirty).

Samples were stored in a sparate freezer from the reaction components.

PCR reaction mixes were always made and aliquoted in the 'clean' room

and then transported to the 'sample room' where the raw sample (50 |il)

was added to the mix. After the first stage PCR, the tubes were placed in

the cabinet in the 'sample room' and tubes containing stage two reaction

mix were prepared in the 'clean room' and brought through to the cabinet

where 2pi of the first stage PCR was added through the oil layer. First

stage PCR tubes were stored in 'sample-only' freezers, and once the

second stage temperature cycle was completed, resulting PCR tubes were

restricted to 'dirty areas' only while being analysed by electrophoresis.
In addition to this, a strict scheme of negative controls was

devised. Several negative control tubes would be prepared in the 'clean

room' with the other tubes. One of these tubes would remain unopened in

the 'sample room' as a check that contamination did not occur at the level

of the 'clean room'. One negative control for every ten sample PCR

reactions was included also, these tubes having 50 pi of sterile distilled

water added to them in the 'sample loading cabinet' in place of sample, and



an additional negative of water was prepared at the end of the sample run

as a check that no major sample spill or aerosol had occured in the

cabinet,

Plasmid conferring 'opal' supression.

The vector used for the expression study was pJL3 which is a 4 Kb

plasmid based on pOP203.3 (Raftery, L.A., et al 1984). A 264 base pair DNA

fragment carrying a gene coding for a tRNA with the trpT178 or Su9

mutation has been inserted into the unique Eco R1 site of pOP303.3 which

thus puts transcription of the gene under the control of the lac UV5

promotor which in lac I0! mutants means that transcription of the tRNA

gene can be controlled with the gratuitous inducer (IPTG) (Fuller, F. 1982).

The vector carries a tetracycline resistance gene for selection and has

been further modified by the inclusion of a unique Xho1 site for the

insertion of foreign DNA fragments (M.G.B. unpublished data). The tRNA

gene (which mediates the insertion of tryptophan ) recognises the codon

UGA and also the codon UGG to a lesser efficiency (Raftery, L.A., et al

1984).

Double transformation of JM83.

Double transformation of JM83 was performed by transforming JM83 with

pUE7.5 and selecting an Amp resistant colony. A liquid culture grown from

this colony was used to make competent cells which were then

transformed with pJL3. Transformation was by the standard method of

using calcium chloride-competent cells (Sambrook, J., et al 1989). Double

transformed cells were identified by picking Tet and Amp resistant

colonies, making liquid cultures from them and analysing these with mini

plasmid preparations.

Construction of pUX.

Two PCR primers of 30 and 33 base pairs (UX1 and UX2) were
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synthesised based on the published sequence of the urease (Blanchard, A.

1990), so that they would amplify a fragment of about 2.9 base pairs

containing the three urease structural genes (see Fig. 12). These

oligonucleotides incorporated an Xho 1 site near the 5' end to facilitate

insertion into pJL3. The PCR temperature profile was similar to the

standard profile, but had an extension period of 3 minutes at 55°C to

allow for the length of fragment being amplified. The reaction product

was digested with Xho 1 and inserted into Xho 1 digested and

dephosphorylated pJL3 as described above. This construct, which

consisted of vector molecules with the PCR fragment inserted randomly in

both orientations, was named pUX.

pUX was used to transform JM83 cells and the transformed cells

were selectable on tetracycline LB plates. To check that the 2.9 Kb

fragment was present in most of the transformed colonies, Hybond-N

(Amersham) lifts of these were probed with the 460 b.p. PCR product

produced by primers 14a and c72a and labelled with under stringent

conditions.

Mapping and orientation of urease genes on PUE7.5.

Standard PCR reactions were performed using pUE7.5 as the template DNA

and various combinations of primers at 48^C. The extension period of the

temperature profile was 72^C for 4 minutes, so the estimated maximum

length of amplified product was ~ 5.5Kb. Thus fragments over three

quarters the size of the insert could be amplified on this cycle . The

primers used were pUC19 forward and reverse primers (M13F and M13R)

and the two primers UX1 and UX2.
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RESULTS.

N-terminal sequence analysis and derivation of PCR primers.

Amino acid sequencing of the three purified subunits of urease from

Ureaplasma urealvticum serotype 8 (T960) produced two interrupted

sequences each of approximately 35 residues from the amino terminus of

the 14 KDa subunit and the 72 kDa subunit (see Fig.3). The 12 kDa subunit

appeared to be blocked at the N-terminus.

PCR amplification of part of the urease locus.

Having obtained sequence data from two of the subunits, it was

decided to try to amplify a portion of the urease locus using the PCR

technique (see Fig.2) From the order of the urease subunit-encoding genes

in sequences from H.pylori (Clayton, C.L., et al 1989) and P.mirabilis

(Jones, B.D., et al 1989), and from deletion studies of the urease loci from

P.stuartii (Mobley, H.T.L., et al 1986), E.coli (Collins, C.M., et al 1988) and

K.pneumoniae (Gerlach, G.F., et al 1988), it seemed likely that genes

encoding the subunits would be in the order 5' -12 kDa, 14 kDa, 72 kDa -3*

and so primers to the 14 kDA subunit and the antisense of the 72 kDa

subunit were synthesised. Oligonucleotide primers based on the amino acid

sequences and including mixed bases at some positions where there was

ambiguity (Girgis, S.I., et al 1988) were synthesised corresponding to

residues in the 14kDa protein and 72 kDa protein (see Fig. 3). Bearing in

mind the low G + C content of the genome, and the codon usage bias shown

in other low G + C genome mycoplasmas, only the A and T options were

included at codon third base positions. The single PCR product produced

from primers 14a and c72a was 470 b.p. in size (see Figs. 4a and 4b).

PCR walking.

'PCR walking' was carried out using both of the above primers separately
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in conjunction with double stranded LP ligated into genomic ureaplasma

DNA digested with either Bam H1, Bgl II, Bel 1 or Sau 3A.

When double stranded LP was ligated into Bel I digested genomic

ureaplasma DNA and used in a PCR reaction with LP and c72a as the

primers, fragments of 0.64, 1.4 and 1.8 kb were observed along with a

less abundant fragment at 1.1 Kb. Similarly, a 1.9 Kb fragment was

obtained when LP and 14a were used to prime a PCR reaction on Bam HI

digested template into which double stranded LP had been ligated (see

Fig.4a and 4b). The 1.9 Kb and the 1.4 Kb fragments were excised from the

gel and purified before being amplified in a secondary PCR reaction. Both

amplified products were cloned into the EcoR1 site of pUC18 (Viera, J., et

al 1982). When only LP was used as a primer in these reactions no

amplified fragments were detected. Though the ligation of two genomic

restriction fragments containing target sequences together could

conceivably produce a sequence amplifiable by the specific primer alone,

the vast molar excess of non-phosphorylated double-stranded LP in the

ligation reaction makes such an event stoichiometrically very improbable.

To investigate this possibility, 0.5 pg of BamH1 or Bel 1 digested

ureaplasma DNA was ligated to itself in the absence of LP, and this

modified template was used in a PCR with only a single primer, either 14a

or c72a. No amplified DNA fragments was observed.

Southern blot analysis of ureaplasma genome.

Primers 14a and c72a were end-labelled with 32p yATP and

used to probe southern blots of ureaplasma DNA under high stringency

conditions appropriate to the Tm of the oligonucleotides. No specific

hybridisation to the blots were observed, When used to probe under low

stringency conditions, both primers hybridised to several Eco R1 and Cla 1

fragments (see Figs. 5b and 5c).
A standard PCR reaction using the 14a and c72a primers

produced a single fragment of about 470 b.p. from genomic DNA of



U.urealvticum serotype 8 (T970)(see Fig. 4b). This PCR product was ^2P
labelled and used to probe southern blots of ureaplasma genomic DNA

under stringent conditions. It hybridised strongly with a 7.5 Kb EcoR1

fragment (see Fig.5a).

The four primers based on the published sequence of the urease

locus in P.mirabilis produced amplified fragments of exactly the predicted

size when used in standard PCR reactions. Primers PmD1 and PmD2 used in

a PCR together amplifed an 800 b.p fragment from the P.mirabilis genome

and PmE1 and PmF1 were used in a PCR to amplify a 1050 b.p. fragment

from the same genome (see Fig. 6). These two PCR products were purified

from agarose gels as described above and were labelled by random-primer

labelling and used to probe southern blots of Eco R1 digested DNA from

U.urealvticum. P.mirabilis and E.coli under non-stringent conditions (5 x

SSC, 0.1% SDS, 55®C). Although strong hybridisation signals were seen

with P.mirabilis DNA, no visible hybridisation was produced with the

other two organisms (see Fig. 7).

Isolation of genomic fragment containing urease locus.

After screening of numerous preparations of the libraries as

described under a wide variety of conditions, a single positive signal was

obtained on duplicate lifts taken from a total Eco R1 digest fragment

library plate (see Fig.8). Four white colonies in the vicinity of this signal

were picked and analysed by PCR (see Fig. 9a) and also used to start 10 ml

Amp LB liquid cultures from which plasmid minipreps were made. One of

the four minipreps revealed an insert of ~7.5 Kb when Eco R1 digests of it

were electrophoresed on an 0.7% agarose gel (see Fig. 9b), and the same

colony also was the only one of the four to produce an amplified fragment

of 470 b.p. from the PCR screening. Caesium chloride purified plasmid

(designated pUE7.5) was prepared for use as sequencing template and for

the expression study.

42



Nucleotide sequence.

The 1.9 Kb and 1.4 Kb PCR products described above (see Fig. 4b) were

partially sequenced and showed agreement with the N-terminal amino acid

sequence originally obtained from the purified 14kDa subunit (see Fig. 3).

The genomic clone containing the urease locus was used extensively as

sequence template and internal oligonucleotides were synthesised to

assist in this. From this the sequence obtained from PCR 'walking'

products was confirmed and extended to around 560 b.p. (see Fig. 10).

The partial nucleotide sequence was recorded in the

GenBank/EMBL data bank under accession number M36190. It contained a

complete open reading frame (ORF) of 360 bp which contained a UGA codon

and encoded a protein of just under 15 kDa. The amino acid sequence read

from this nucleotide sequence was in agreement with the N-terminal

amino acid sequence derived from the 14 kDa and 72 kDa subunits of the

enzyme. At the end of the ORF was the termination codon TAA and a 58 bp

intergenic region containing a possible hairpin loop, followed by a

methionine codon as the presumed start of the 72 kDa subunit. The partial

amino acid sequence obtained from the purified 72 kDa subunit was in

agreement with the sequence deduced from our nucleotide sequence except

two residues which had been only tentatively identified by the protein
<

sequencing.

Orientation of the urease genes on the aenonic fragment.

The use of pUE7.5 in the expression work necessitated the orientation and

mapping of the urease lucus within the 7.5 Kb fragment contained in the

plasmid. This was performed by performing multiple PCR reactions using

pUE7.5 as a template, while using pUC19 forward and reverse primers

(primers pF and pR respectively) and the primers UX1 and UX2 in a variety

of combinations. As can be seen from Fig. 11, the PCR product produced

from primers pF and UX2 is only slightly larger than the product produced

from primers UX1 and UX2, indicating that the three structural genes are
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very close to the 5' end of the fragment (see Fig.12) and that the genes are

orientated correctly to be transcribed form the (3-galactosidase promotor

on the plasmid.

Screening of pUX for insert.

Almost all TetR colonies from plates of pUX transformed JM83 showed

inserts when screened with 460 b.p. PCR product under stringent

conditions.

Plasmid miniprep analysis of double transformed E.coli.

Plasmid minipreps of double transformed JM83 cells which were

ampicillin and tetracycline sensitive showed that the plasmids appeared

to be present in approximately equal amounts (data not shown).

Expression of cloned urease genes in E.coli.

E.coli transformed with pUX and stimulated with IPTG showed a dramatic

pH change when plated out on urease indicator agar slopes, but pUE7.5

/pJL3 transformed JM83 and negative control E.coli did not produce any

visible colour change. The positive control, P.Mirabilis. showed an

intermediate pH shift (see Fig. 13).

Similarly, when protein preparation of the transformed cells

were tested wtih the dip-stick catch-test, the pUX transformed cells

showed a convincing positive result by producing a deep blue-black colour

in the reagent, while the pUE7.5/pJL3 transformed cells and negative

control E.coli did not produce any significant colour change. A

IJ.urealvticum protein preparation included as a positive control produced

a similar colour to the pUX trasnsformed bacterial cells (see Fig. 14).

On several western blots, anti-urease monoclonal antibody did

not react with denatured protein from any of the control or recombinant

E.coli cells but did react with denatured 72 kDa urease subunit from

LJreaplasma (see Fig. 16).
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Urease positive bacteria.

When plated on indicator slopes and incubated at 37°C, P.mirabilis.

K.aeroaenes. K.pneumoniae and P.stuartii all produced a sharp rise in pH

within 48 hours.

The PCR as a method of detecting U.urealvticum.

Preliminary testing for specificity, primers d1 (14b) and d2 (c72b).

From our nucleotide sequence, two new primers, 14b and c72b were

designed with high estimated Tm values (68°c and 64°c respectively).

They were used in PCR reactions with the bacterial genomic templates. A

fragment of 460 bp was amplified specifically in all ureaplasma strains

tested, including all 14 human serotypes of Ureaolasma urealvticum and 8

isolates of non-human origin, 5 from chimpanzee, one each from

marmoset, cat and dog. The primers failed to amplify fragments from

Mycoplasma hominis. Providencia stuartii. Proteus mirabilis. Klebsiella

pneumoniae. Staphylococcus aureus. Pseudomonas aeruginosa, three

strains of Yersinea enterocolitica and several strains of Helicobacter

pylori. Of several strains of Klebsiella aeroaenes tested, a fragment of

1.3 Kb was amplified in only one (see Fig.15).

Specificity of diagnostic primers d3 and d4.

Primers d3 and d4 were demonstrated to amplify a fragment

of 270 b.p. from all 14 human serotypes of Ureaplasma urealvticum when

used together in a PCR (data not shown). These two primers were also

shown not to produce any PCR products with Mycoplasma fermentans.

Mycoplasma hominis. Providencia stuartii. Proteus mirabilis.

Staphylococcus aureus. Pseudomonas aeruginosa. Yersinea enterocolitica.

Helicobacter pylori. Bacteroides ureolvticus. Klebsiella pneumoniae.

Klebsiella aeroaenes. and Chlamydia trachomatus (data not shown).

At the time of writing the two pairs of primers were being

further tested for specificity against clinical samples.
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Sensitivity of the PCR.

To test the sensitivity of the PCR reaction under conditions used to

amplify ureaplasma DNA we titrated purified template DNA of known

concentration to estimate the number of target DNA molecules necessary

to allow detection of the amplified fragment by U.V. fluorescence when

10|il of the reaction was analsed by electrophoresis in an agarose gel

containing ethidium bromide. Consistent results were only obtained when

sonicated salmon sperm DNA was used as carrier to dilute the template

DNA (see methods).

Assuming the ureaplasma genome has a molecular weight of 5x10®
Da, and a that a visible band was obtained after a 30 cycle PCR with 0.4pg

of ureaplasma DNA, we estimated that this corresponded to about 4x10®
copies of the genome whereas after a 40 cycle PCR only about 40 copies of

the target sequence were required.

In a number of different experiments the viable counts in the standard

ureaplasma culture contained 5x 10® ccu/ml. The highest dilution of the

same preparation that produced a visible band after a 30 cycle PCR was

10"® whereas a 10"® dilution gave a positive result with the 40 cycle PCR

(Data not shown). Since only 1 pi I of the dilution was used this

corresponded to 10®-10® target sequences/ml in the original culture.

46



Discussion.

Cloning of the structural genes coding for urease.

After purification of active urease from Ureaplasma urealvticum and

separation of the subunits on a denaturing polyacrylamide gel, a partial

amino acid sequence was obtained from two of the three subunits. Using

this sequence, oligonucleotide primers were deduced that enabled part of

the urease locus (between the genes for the 14 and 72 kDa subunits) to be

amplified by PCR. This 470 b.p. product was radioactively labelled and used

to screen plasmid libraries of Ureaplasma DNA fpr a urease-sequence

containing genomic fragment. With the aid of a novel PCR 'walking'

technique almost all of the structural genes were amplified on two

overlapping fragments.

Apart from the novel 'walking' technique, PCR was used throughout

the project to perform various tasks such as secondary screening of the

four putative positive colonies and orientation of the insert in plasmid

pUE7.5. These tasks could have been performed in other ways, but the PCR

option was usually the quickest and most convenient.

The PCR walking technique (devised by M.G. Burdon) proved useful

for purposes of obtaining sequence at a time when a urease genomic DNA

fragment from the organism was not available. The method amplified

several fragments from the Ureaplasma genpme. This was in keeping with

the results of probing southern blots of restriction enzyme digests of

Ureaplasma DNA with the twe oligonucleotide primers which showed that

the two primers hybridised with several fragments within the genome,

some of which were in common (see Figs. 5b, 5c). When the 470 b.p. PCR

product was used to probe similar southern blots it hybridised strongly to

a digest fragment (corresponding to the insert of pUE7.5) under stringent

conditions (see Fig. 5a) and only faintly to smaller fragments. This

indicates that the urease structural genes are probably present as single

copies within the genome.
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Partial nucleotide sequence of the urease.

Sequencing of the urease locus was in its early stages when a

sequence for the three genes producing the structural subunits of the

urease was published elsewhere (Blanchard, A., et al 1990). Comparison of

this sequence with the above sequence confirmed that the sequences were

essentially the same, and so (re)sequencing of the locus was abandoned in

favour of other objectives. As is discussed in the paper by Dr. A. Blanchard,

there is a strong codon bias apparent in the urease sequence and several G

+ C rich codons are not utilised at all. The amino acid sequence homology

between the ureases of P.mirabilis. C.ensiformis and U.urealvticum is

striking, and is also present in H.pvlori (Clayton, C.L., et al, 1989) even

though in this organism there are two subunits, one of 66 kDa and one of

28 kDa. The smaller of the two subunits has regions homologous to the 12

and 14 kDa subunits of U.urealvticum and to the two smaller structural

subunits of P.mirabilis. This presents a range of urease peptides which

although sharing homology throughout their length, manifest as enzymes

constructed from one, two or three types of subunit.

The nucleotide sequence produced in this study is derived from

a cloned fragment of DNA which was isolated using amino acid sequence

taken from subunits of the purified active enzyme. This sequence has

verified the previously published putative urease gene sequence, based on

possible ORFs containing UGA codons within a cloned fragment of DNA that

had been isolated by hybridisation to a heterologous DNA probe (Blanchard,

A.1990). The results from the southern blots probed with the 470 b.p. PCR

product, the fact that the sequence reported here relates directly to the

active urease, and the production of a urease positive phenotype from

E.coli JM83 transformed with plasmid construct pUX are convincing

evidence that the sequences presented here, and that published earlier, are

the genes that code for the urease enzyme in the organism. This being so, it

can now be said with confidence that the organism utilises a tryptophan

tRNA that recognises the codon UGA as do some other members of the
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Genus.

Although the sequence above and that previously published are

essentially the same, there are several differences which are worthy of

note . A single additional base near the 5' end of the gene for the 14 kDa

protein in the previously published sequence moves the start of the

predicted peptide 8 bases upstream of the start codon that is predicted

from this study. Thus the amino acid sequence MSGSSNQFT at the

N-terminal of the peptide above is read as MIICQDQSNFT in the previous

version (see Fig.17). The nucleotide sequence here is in perfect agreement

with the partial amino acid sequence from active urease apart from the

absence of the initiating methionine (see Figs.3,10). In addition, the base

sequence ATT.CCA.TCA.GGT.ACT in the earlier sequence appears as

ATT.CTC.AGT.ACT in the above sequence, altering the string of residues

that commence at position 87 from IPSGT to ILST. Due to the discrepancy,

this area was sequenced several times in both directions and is

confidently presented here as correct for the isolate. There are three

straight base pair substitutions between the sequences, these all occur in

the third base position of codons and only one of them causes an amino acid

change, at residue 55 where TTG is replaced by TTC in the above sequence,

coding for leucine rather than phenylalanine. Heterogeneity of active

urease bands on non-denaturing acrylamide gels has previously been

reported between serotypes of U.urealvticum (Delisle, G.J. 1977) and was

confirmed by work done in this laboratory by A.D. Myles (unpublished data).

The differences reported here however represent small differences

between two isolates of the same serotype.

From the nucleotide sequence produced, it can be seen that the

decision to include only A or T options as third-base positions in codons

used to design the ambiguous primers was entirely justified, as the pool of

primer sequences was considerably reduced and the primers contained

only one incorrect base between them.
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Probing for non-structural urease genes with heterologous

probes.

The negative result obtained with these southern blots was

obtained using washing conditions of 5x SSC, 0.1% SDS at 42°C. These

conditions theoretically allow for hybridisation between sequences that

have an average homology of ^70% or above. The negative results obtained,

are not conclusive and leave two possibilities: that either there is no

equivalent sequence to the UreD, UreE or UreF genes in either U.urealvticum
or E.coli. or that there are equivalent sequences, but they share less than

70% homology with those in P.mirabilis.

The PCR 'walking' technioue.

The PCR 'walking' technique with some similarities to others

recently described (Shyamala, V., et al 1989, Kalman, M., et al 1990, Riley,

J., et al 1990) has been used in this laboratory for some time and has

proved to be a useful tool, both for extending amplified fragments into

areas which are unknown and for providing working restriction maps of

regions to be studied. In the work described it was useful in allowing us to

obtain sequence from the urease locus without having a genomic clone of

the region. It must however be remembered that restriction enzymes are

not 100% accurate, for example the star activity of Bam H1. The, bands that

we obtained from our modified PCR templates indicated that Bam H1, Bel I

and Bgl II may all cut incorrect sequences at low frequency. The sequence

GGATCA which is found close to a real Bel 1 site 15 bases in from the 5'

end of the 14 kDa gene is one base change from being a BamH1 site and one

base change from being a Bel 1 site. A faint DNA fragment of around 600

bases was visible (close to the abundant fragment of just over 600 b.p.) on

the gel in Fig. 4, lane 3 (but is not visible in the photograph) corresponding

to the expected size of the amplified fragment that would be produced

from such a cleavage.

The above is however not conclusive data. The only walking

products analysed by sequencing were those described, and so whether the
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other amplified fragments are all primed from the one targeted primer

sequence on the genome and merely of different lengths, or whether some

non-specific fragments have been primed by cross-reaction of the primers

with other parts of the genome, is open to conjecture. While the two

specific primers hybridised to several bands when used to probe southern

blots, this was in conditions of much higher salt and a lower temperature

than the PCR annealing conditions, so in the latter technique,

cross-reaction of primers would be less likely. The easiest way to

investigate the nature of these other amplified fragments would be to

southern-blot one of the PCR analysis gels such as the one in Figure 4b, and

to probe the resulting blot with the 470 b.p. PCR product.

Although the PCR 'walking' method has been used to advantage

above, it may not prove to be as universally useful, especially when large

genomes are being studied. The single-primer PCR/'walking' PCR methods

have generally been applied to studies of the genomes of microorganisms

or of large plasmid or cosmid clones. Within the department the method

has been used almost exclusively for work on Ureaplasma. It is possible

that with mammalian systems, the complexity of the genome may produce

many walking products that are the result of cross-reaction of the

primers to different sites within the genome.

Expression of cloned urease in E.coli.

There are intrinsic flaws in the design of the expression

experiments that make a comparison between levels of activity

meaningless. The intent behind the work was merely to produce some sort

of recombinant urease activity in E.coli as a preliminary step to more

methodic and quantitative studies.

Deletion studies of the urease loci from P.stuartii (Mobley, H.T.L., et al

1986), E.coli (Collins, C.M., et al 1988) and K.pneumoniae (Gerlach, G.F., et

al 1988) and the nucleetide sequence of the locus in P.mirabilis (Jones,

B.D., et al 1989), have demonstrated the presence of ORFs which produce
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other peptides in addition to the urease enzyme subunits. As it is not

known whether these are a common feature of the bacterial enzyme, and as

there have been no deletion studies on the urease locus of Ureaplasma

urealvticum that are analogous to those above, it was not known whether

there were any other additional peptides transcribed from the locus in

Ureaplasma that may have been involved in enzyme assembly, nickel

insertion or regulation of enzyme activity.

With a limited amount of time, two urease constructs were

devised. One of these was the 7.5Kb genomic fragment pUE7.5 in an

expression vector which apart from the three structural genes would

contain over 4 Kb of additional sequence. The other construct contained the
three structural genes alone and was produced by PCR amplification of a

portion of pUE7.5 using primers designed from the published urease

sequence (Blanchard, A., et al 1990).

Problems were immediately encountered when preparing these

constructs.

The 7.5 Kb fragment was excised from pUE7.5 with Eco R1 and

the ends were filled in. Several unsuccessful attempts to ligate this into

the filled-in ends of the Xho 1-digested pJL3 were made, and eventually

other control experiments with different sized fragments suggested that

the vector was probably unable to function with inserts of more than 4 Kb

(data not shown). Accordingly, the intact plasmid pUE7.5 was used to

co-transfect E.coli JM83 along with the empty vector pJL3 (see methods).

Although the plasmids were not compatible, they contained different

selection markers, and by continuous selection with Amp and Tet, the two

plasmids seemed to be maintained in the E.coli in about equivalent amounts

as judged by plasmid DNA concentrations in a plasmid minipreparation of

the double-transformed bacterial cultures. However, negative results

obtained with this system could well have resulted from non-transcription

or low levels of transcription of one of the plasmids.

The second construct was a PCR product of 2.9 Kb produced from



plasmid pUE7.5 using primers UX1 and UX2 ( seeFig.18) and inserted into

pJL3. The two primers incorporated Xho 1 sites at their 5' ends and thus

the fragment was easily inserted into the Xho 1 site of pJL3. The plasmid

with insert, which was designated pUX, was shown to contain the full 2.9

Kb by using pUX transformed E.coli as a template for PCR amplification

with primers UX1 and UX2 (results not shown). This construct also had an

unfortunate design fault in that there was no quick and convenient means

by which to orientate the PCR fragment within the vector or by which to

select one particular orientation of the fragment. Two simple options were

available, one of which would have been to pick individual colonies and

assay them for urease enzyme activity, but as it was not certain that

either orientation would produce functional urease, it was decided to keep

all manipulations of pUX transformed E.coli polyclonal, that is, when taking

material from plates to start liquid cultures, the loop was scraped across

50-100 colonies to keep a heterogeneous population. It was hoped that the

insert would not prove to be detrimental in either of the orientations and

this mixed population would allow some chance of successful expression.

The extent of the conclusions that can be drawn from the

expression experiments is limited, but the strong positive result obtained

with plasmid pUX on both urea indicator agar and in the urease dip-stick
catch-test shows at least that the structural genes cloned are capable of

being expressed as a functional enzyme in E.coli with the co-expression of

a UGA suppressor tRNA.

No firm conclusion can be drawn about the involvement of sequences

in pUE7.5 downstream of the structural urease genes because the two

cloned DNA sequences, in pUE7.5 and pUX, were presented in different

systems and (particularly in the case of the two-plasmid system) involved
unknown parameters which could account for the failure of the system to

produce active enzyme.

Similarly, the presence of an active Ureaplasma urealvticum

urease in E.coli is not proof that the enzyme is self-assembling or that the



three structural genes are all that is required for urease activity in

Ureaplasma. Some species of E.coli are urease positive, and have a

chromosomally encoded urease locus which contains three other

non-structural genes. In the case of JM83, no firm evidence for the

presence or absence of these genes in the organism can be forwarded, all
that can be concluded is that the organism has a urease-negative phenotype.

If all the requisite genes are present, they do not function and cannot be

induced to function by any presently known means. Because of this, the

possibility that the urease activity detected in the recombinant bacteria is
due to complementation between Ureaplasma urease subunits and

regulatory proteins in the genome of E.coli cannot be totally ruled out.

While pUX transformed E.coli produced positive results on the

urease agar and with the dip-stick catch-test, the anti urease monoclonal

antibody showed no visible affinity for the recombinant 72 kDa subunit on

a western blot. This was a surprising result, as the same monoclonal

antibody is the basis of the dip-stick catch-test. Both the Ureaplasma 72

kDa subunit and the native enzyme are bound by the antibody on a western

blot, but the 72 kDa subunit was only faintly visible on western blots in

this study (Fig.) whereas it is easily visible on the autoradiographs from

western blots probed by Thirkell and Myles (Thirkell, D. et al 1989). This

is at least partly due to the detection methods. The peroxidase linked

second antibody system, as used in this study, is much less sensitive than

the 1 25|-labelled protein-A used in that of Thirkell et al.

This might well be the sole reason for the lack of visible band on the

western blot, but it may be a only a major contributing factor, and other

possibilities should also be considered. These might include different

post-translational modifications of the enzyme in Ureaplasma and E.coli.

Such modifications might possibly reduce the affinity of the antibody for

the denatured large subunit less than that of the active enzyme, though

this last seems unlikely. What seems to be a more reasonable proposition

is that if the above conjecture about post-translational modification is
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true, it reduces the affinity of the monoclonal to both the active enzyme

and to the denatured large subunit, but that the very high specific activity

of the enzyme makes detection of activity on the catch-test possible with

a small amount of enzyme while the subunit on a western blot is also

poorly bound but not visualised by the peroxidase detection system because

of lower sensitivity. The amount of protein added to the tests and to the

gel was only roughly estimated.

The monoclonal antibody used above has been described as being

specific for Ureaplasma urease, thus making the catch test which

incorporates it similarly specific (Thirkell, D., et al 1989). This has been

tested to some extent on E.coli (JM83 protein preparations are included on

western blots and in the dip-stick catch-test as negative controls).

However unlikely it seems, the possibility that this antibody reacts with

an composite active enzyme (containing some residual native E.coli urease

subunits from JM83 complementing the cloned Ureaplasma urease subunits)

cannot totally be ignored. This could be investigated by transfecting the

E.coli with other constructs of the Ureaplasma urease locus, containing

different combinations of only two of the three genes and testing for

urease activity.

Diagnostic PCR.

PCR as a diagnostic tool.

One of the many new purposes for which PCR is being used, is as a

diagnostic test for the presence of organisms, by amplification of specific

sequences from their genomes. This has now been used successfully to

detect mycoplasmal DNA (Bernet, C., et al 1989, Jensen, J.S. et al 1989) as

well as viral and bacterial genomes. Using the PCR for this particular

application involves specific problems as well as advantages which are

discussed below.

The relative stability of DNA in some situations means that
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diagnostic PCR can be performed retrospectively on small amounts of

relatively old clinical material. While this has a number of advantages, it

is also possible that persistent nucleic acid debris from a historic

infection may be detected and incorrectly interpreted as a current

infection in some instances.

The test relies on the activity of the Taq DNA polymerase, and so

substances that inhibit the enzyme must be avoided in the process of

taking samples and removed from the samples if necessary. The possible

presence of substances in samples that could dramatically alter the pH of

the reaction solution when added to the PCR, or remove magnesium ions

(necessary for enzyme activity) from the reaction solution must be

considered.

The impressive sensitivity of the PCR means that very small

amounts of a foreign genome can be amplified from a variety of clinical

samples. By using an increased number of cycles of the temperature profile

a greater degree of amplification is possible, and a single copy of a

sequence can be amplified to a level at which it is detectable by using 60

or more cycles of PCR. Although this is a useful feature, it brings

important problems of contamination, as small amounts of air-bourne DNA

or trace amounts of DNA on laboratory equipment may be amplified to give

false positive results. In addition to this, new PCR primers must be

rigorously tested as much as possible to make sure that they do not

cross-react with DNA from other sources. In that area, the diagnostic PCR

has an advantage in having three levels of specificity.

(1) The presence or non-presence of an amplified fragment.

(2) The size of the fragment.

(3) The sequence of the fragment (as tested by sequencing, or more simply

by digestion of the fragment with an enzyme that has a known recognition

site within it).

Hopefully in practice only the first two of these criteria need be

used routinely, with the digestion of internal sites by restriction enzymes



being reserved as a last resort analysis of problem samples.

Preliminary testing.

In the early stages of testing this PCR, false positives were a

problem. This was undoubtedly due in part to contamination of the samples
and components with Ureaplasma material from the laboratory. This was

not surprising, as Ureaplasma had been a subject of study for some years

at the department, in a number of locations in the building. Assembling the

PCR mixes in a flow hood while wearing gloves and a clean labcoat with

sterile disposable face masks and hairnets reduced the contamination

problems but did not eliminate them. Thus the sterile PCR protocol for St.
Andrews (described in Methods) is a minimum of the requirements

necessary for some consistency of results with a quantitative PCR, and not

by any means an ideal.
From the initial work carried out by myself, the two primers, 14b

and c72b, are specific for sequences in the ureaplasma genome under our

PCR conditions and do not amplify DNA from any other organisms tested by

us in this laboratory with the exception of one strain of K.aeroaenes. which

produced a fragment of around 1.3 Kb (see Fig. 15). Fortunately this

fragment is easily distinguishable by size from the fragment amplified
from the genome of U.urealvticum. In addition to this being an isolated

occurrence (no fragments have been amplified from any other strains of

K.aeroaenesT attempts to reproduce this original result (with the same

DNA sample) at a collaborative Institute have failed. In conclusion, the

distinct size of the fragment does not make it a major concern, and it

seems reasonable to suggest that the amplified fragment may have been

the product of some sort of laboratory contamination. The results are good,

even though limited to a few strains tested, but we have chosen strains

which are isolated at a reasonable frequency from the population. The PCR

sensitivity experiments were intended merely to show that the PCR was

working efficiently and to demonstrate the sort of levels of sensitivity
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that may be achieved with such a test.

The future of the diagnostic PCR.

All the results of the St. Andrews-based work are described

above. What follows is work carried out as a collaboration which is still in

progress. Under the above conditions a good start to the testing of two

primers for use in a diagnostic PCR has been made. However points about

sensitivity of the test with different clinical samples and specificity

when faced with the much wider variety of isolates to be found throughout

a population needed to be addressed.

Accordingly, the diagnostic PCR project has now become a

collaborative effort with the Division of Sexually Transmitted Diseases,

Clinical Research Centre (CRC), Harrow, Middlesex, and it has been

arranged that this collaborative department will provide clinical samples

in the form of vaginal swabs from a sexually transmitted diseases clinic

in Paddington, and will also perform titrations of viable Ureaplasma from

duplicate samples by selective culture. This is partly because the team at

the CRC has an established protocol for avoiding contamination which were

devised by Dr. H. Palmer and Ms. C. Gilroy in the development of diagnostic

PCRs for the detection of Chlamydia trachomatis and Mycoplasma

aenitalium (see Methods).

The development of the nested diagnostic PCR.

The conversion of the simple one-step diagnostic PCR into a

two-stage nested PCR was strongly recommended by the team at

Northwick Park, based on their experience from development of other

diagnostic PCRs.

A two-stage PCR basically involves performing two 20-30 cycle

PCR reactions, one after the other, in which a small volume of the

completed first reaction is added to the second reaction to act as

template. Thus the result of the second reaction is dependent on the result
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of the first reaction.

A nested two-stage PCR involves the the use of two sequential

amplification reactions as described above, but either one or both of the

primers used in the first reaction are replaced in the second reaction by

different primers which are designed to hybridise to sites within the first

amplified DNA fragment. Thus the product of the second reaction is a

smaller DNA fragment that has been amplified from the first product.
One obvious advantage from this is increased specificity as a

positive result depends on the presence of either three or four separate

sequences in the template DNA (instead of two). Another advantage of

expanding the test in this way is that having two separate stages of

amplification allows Taq polymerase-inhibiting substances that may be

present in clinical samples to be diluted out. Although work has been done

to titrate the amount of human urine or urine debris that may normally be

added to a PCR reaction without inhibiting the polymerase (in >98% of

urine samples tested), material from other sources has not been tested so

thoroughly as yet. It has been noted that material from vaginal swabs often

inhibits Taq polymerase activity (H. Palmer, C. Gilroy, D. Taylor-Robinson,

personnel communication) and so the introduction of a two-stage test was

considered advisable to dilute out these unknown inhibiting factors.

A point arising out of the possible inhibition of the Taq

polymerase is that this problem obviously devalues any titre estimates

based on the abundance of the specific PCR product for the organism being

detected. The intensity of response will depend on both the amount of

organism in the sample and the amounts of inhibiting substances in the

sample. Thus two samples (which have the organism being screened for at

the same titre) may give significantly different amounts of product if (for

instance) one of those samples contains something inhibitory to the Taq

polymerase at a concentration that totally inhibits the the first stage of

the PCR but on dilution into the second stage does not inhibit the reaction.

In a two-stage PCR where each stage is 30 cycles, the sample with the
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inhibitory substance will effectively have undergone only thirty cycles of

amplification, while the other sample will have effectively undergone 60

such cycles. Thus any quantitative conclusions about the results of the

test have to be made with extreme caution.

In the development of the nested PCR, the primers 14b and c72b

were renamed d1 and d2 respectively and two new primers, d3 and d4 were

devised using two regions of sequence 270 b.p. apart situated between d1

and d2. This then meant that, providing d1 and d2 were used for the first

amplification, three possible alternative combinations of primers were

available for use in the second stage reaction; d3 with d4, d1 with d4, or

d2 with d3. These combinations of primers amplify fragments of 270 b.p.,

312 b.p. and 432 b.p. respectively.

The first of these options, d3 and d4, have been tested for

specificity to the Ureaplasma urealvticum urease sequences and found to

amplify the intended 270 b.p. fragment from all 14 serotypes found in man

and from all the U.urealvticum isolates extracted from other species

(listed in Methods), but not from any other organisms tested. This work

was performed in the CRC jointly by Claire Gilroy and myself, and primers

d3 and d4 are currently being used as the second stage of the PCR in

further tests.

The potential to produce a diagnostic PCR has therefore been

amply demonstrated, and it now remains for the system to be tested on

clinical samples alongside conventional methods of detection. This work is

in progress.
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(FIG. 1)

CLASSIFICATION OF MOLLICUTES.

CLASS: Mollicutes.

ORDER 1: Mvcoplasmatales (sterols required).

FAMILY 1: Mycoplasmataceae.

GENUS 1 : Mycoplasma (around 76 species).

GENUS 2 : Ureaplasma (3 species).

FAMILY 2: Spiroplasmataceae.

GENUS 1 : Spiroplasma.

ORDER 2: Acholeolasmataceae (sterols not required).

GENUS 1 : Acholeplasmas.

Mollicutes of uncertain taxonomic status.

GENUS : Anaeropiasmas (2 species).

GENUS : Thermoplasmas (usually now classified as Archebacterium and
therefore have no specific relationship to other mycoplasmas.
(Rogers, M.J., et al 1985)



Fig. 2 "PCR Walking' using the 'ligatable primer'

0 Digest template DNA.

[U Ligate an excess of unphosphorylated duplex LP to template.

[c] Add PCR mix including specific primers (dotted lines), [d] Denature.

0 Anneal.

0 Extend.

H] Repeat D,E and F for 30 cycles.



Urease 14 and 72 KDa subunit partial amino acid sequences

14 KDa subunit: _GSSNQFTPGKLVPGAINFAEGEIVMNEGREAKVI
I I I I

Residue No. 1 10 20 30

III I
72KDa subunit: MFKISRKNYSDLYGITTGDSVRLGDTNLEVIVEKDL

(FIG.3) Residues are numbered from the amino terminus. Blanks indicate

ambiguous residues, asterisks indicate tentative assignments, sequence in
bold type used for derivation of oligonucleotide primers.



12 14 72

Primers 1 H H 1

1 4a and c72a

1 4a and LP
BamHI

I

Bel 1
c72a and LP

Fig. 4a. Schematic diagram showing the PCR product produced from
primers 14a and c72a and the major products from the
'walking PCR' technique in relation to the U.urealyticum

urease locus.



Fia.4b 1% agarose gel. Lane 1 X Hind III + 0X174 Hae ill
markers, lanes 2,3,4, PCR products, 2= primers
14a and LP on Bam H1 digested ureapiasma DNA
with LP ligated in, 3=primers c72a and LP on a
Bel 1 template with LP ligated in, 4=primers 14a
and c72a on uncut ureapiasma DNA.



Fio 4 c

A computer search (Intelligenetics) for BamHl and Bel 1
sites in the urease locus published by Blanchard revealed
that there were two Bel 1 sites and one Bam HI site
present. Mapping of these sites shows that the expected
product of PCR walking between primer 14b and the Bam HI
site would be 1783 b.p., very close to the 1.8 Kb
fragment obtained, and that the main product of PCR
walking from c72b to the Bel 1 site would be 646 b.p.,
corresponding to the product of just over 0.6 Kb that was
produced (see Fig 4b). However, no product was produced
when walking PCRs were performed with primer 14b on Bel 1
digested template whereas a fragment of just over 1.8 Kb
could have been expected to result from the presence of
the second predicted Bel 1 site.

working...
UU-32

Enzyme Recognition Cut Site

BamHI (G^GATCC) Def: 2324

Bell (T^GATCA) Def: 355 2369

SITE [UU-32]: chart

Area to print (<CR>-1 2941):

Chart of UU-32 - Linear, length 2941

enzyme
BamHI
Bell

1 736 1001. 1471 2206
I + , j. , 1

c72k



Fig. 5a
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-23
-9.4

-6.6

-4.4

-2.3
-2.0

Three Southern blots of digested genomic DNA from
E.coli and U.urealyticumf which are as follows:
lanes 1,8,10 = lambda Hind markers, lanes 2,7,11
= U.urealyticum Eco R1 digests, lanes 3,5,9 =
U.urealyticum Cla 1 digests, lanes 4,6,12 =
E.coli Eco R1 digests. Probes used are (Fig. 5a)
the 470 b.p. PCR product,(Fig. 5b) primer 14a,
(Fig. 5c) primer c72a. The blot in 5a was
hybridised and washed in 0.1 x SSC and 0.2% SDS
at 60°C, those in 5b and 5c were hybridised and
washed in 5 x SSC, 0.2% SDS at 42°C.



Fig.6

0
PmDI PmD2 PmE 1 PmFI

I H H H ~H I—T

dab c e

b

'D' gene PCR product, 'E' and 'F' gene PCR product,
~

800 b.p. "1050 b.p.

Schematic diagram of the urease locus of P.mirabilis showing the location
of the four PCR primers PmDI, PmD2, PmEl and PmFI and theirintended
products. The sequence was taken from Jones, B.D. et al 1989.
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-23
-9.4

-6.6

-4.4

-2.3
-2.0

Two Southern blots of digested genomic DNA from
P.mirabilis,E■coli and U.urealyticum, which are
as follows: lanes 4,8, = lambda Hind markers,
lanes 1,5 = P.mirabilis Eco R1 digests, lanes 2,6
= E.coli (JM83) Eco Rl digests, lanes 3,1 =
U.urealyticum Eco Rl digests. Probes used are
(Fig. 7a) the 800 b.p. PCR product from
P.mirabilis designed to amplify the UreD
gene,(Fig. 7b) the 1500 b.p. PCR product from
P.mirabilis designed to amplify the UreE and UreF
genes. The blots were hybridised and washed in 5
x SSC, 0.2% SDS at 42°C.



Primary screening of the U.urealyticum genomic
library with the 470 b.p. PCR fragment
amplified from the organism (see Methods for
conditions used). This pair of filters is one
of twelve such duplicate lifts probed at the
same time. The unfortunate fuzziness of the
positive signal meant that four clones from the
vicinity had to be picked for rescreening (see
Figs. 9a and 9b) .
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Fig. 9a.
1.3Kb J
1.1KbJ
0.9Kb-

Secondary screening of the four colonies picked up in the vicinity of the positive
signal in the first library screen.
9a. PCR screen. A sterilke toothpick was touched to a colony and then briefly dipped into a
PCR mix containing primers 14a and c72b (see methods). The reactions are then
electrophoresed on a 1% agarose gel, lanes are: (1) = .<|>Xi74 markers, 2 - 6 = PCRs
performed on the following colonies, (2) E.coli transformed with empty pUC19 and with (3)
colony A, (4) colony B, (5) colony C, (6) colony D, picked from close to the positive signal.
9b.Miniprep screen. EcoR1 digests of minipreps of cultures made from the four colonies
adjacent to the positive signal. This was done by dipping a sterile toothpick in individual
colonies and then putting this in a universal of LB shaking overnight. Minipreperastions were
made by the standard alkaline lysis method (Sambrook, J. et al, 1989). Lanes are as follows:
(1) = Lamda HindiII size markers, 2-5 are digests of minipreps on (2) colony D, (3) colony
C, (4) colony B, (5) colony A.



TTTTATAAGGAGATA

MSGSS NQFTPGK
ATGATTAT.ATG.TCA.GGA.TCA.TCA.AAT.CAA.TTC.ACT.CCA.GGT.AAA.

LVPGA INFAEG E IVM
TTA.GTA.CCA.GGA.GCA.ATT.AAC.TTC.GCT.GAA.GGC.GAA.AAT.GTG.ATG.

N EGREAKV IS I KNTG
AAC.GAA.GGT.AGA.GAA.GCA.AAA.GTA.ATC.AGC.ATT.AAA.AAT.ACT.GGT.

DRPIQVGSHLHLFE T
GAC.CGT.CCT.ATC.CAA.GTT.GGA.TCA.CAT.TTG.CAC.TTA.TTT.GAA.ACA.

NSALVFFDEK GN EDK
AAT.AGT.GCA.TTA.GTA.TTC.TTT.GAT.GAA.AAA.GGA.AAC.GAA.GAC.AAA.

E RK V A Y GRRFDILST
GAA.CGT.AAA.GTT.GCT.TAT.GGA.CGT.CGT.TTC.GAT.ATT.CTC.AGT.ACT.

AIRFEP GDK K EVSVI
GCT.ATT.CGT.TTT.GAA.CCA.GGA.GAC.AAA.AAA.GAA.GTT.TCA.GTT.ATT.

DLVGTRWSLRCKRLS
GAT.TTA.GTC.GGA.ACA.CGT.TGA.AGT.TTG.AGG.TGT.AAA.CGG.CTT.AGT.

TAA. CGG C AAAACTTAAAAAATAATCTATTTAC AAGTTTCTATATAGACG

MF KISR KNYSD
AAGGGGAACATT.ATG.TTT.AAA.ATT.TCA.AGA.AAA.AAT.TAC.TCA.GAT.

L YG I TTGD SVRLGD T
CTA.TAT.GGT.ATC.ACA.ACT.GGT.GAT.AGC.GTT.AGA.TTA.GGA.GAC.ACA.

NLW VKVEKDL T TYG E
AAT.CTT.TGA.GTT.AAA.GTT.GAA.AAA.GAC.TTA.ACT.ACT.TAT.GGC.GAA.

Fig.10a. Sequence of 14 kDa subunit and partial sequence of the 72 kDa
subunit from U.urealvticum (serotype 8). UGA codons are shown
in bold type, underlined bases differ from the sequence of
Blanchara (1). Filed in GenBank under accession NO.M36190.
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239260294315367444488

128246268312380447498561
152100121141191225253304363436490508561 1487490113133165193234251294314343366413440473511534561684 >UU19UU19> <UU5'UU5'<

>--UU3UU3>
<UU7'UU7'<

>UU2>>-UU2UU28>
>0U1>>-D5><—UU9'UU9'-<>UU24>

>-14B>>-D4-><JUU'<>UU12UU12><C72B<
<UU11'<<UU14'UU1<>UU13>

<UU6'<>UU4UU4>>UU23> <UU17'<>UU29>UU8><D3'<>UU10>
1I;

■|684

rig10b. Diagramofsequencingstrategy.Theareamarked1—561representsthe sequencepresentedasfigure10a.Primers14B,c72B,D3,D4,andD5are represented.Arrowheadsshowndirectionofsequencerunsandprimers.



Fig-11
1 2 3 4 5 6 7

4.4Kb.

2.3Kb-

Use of PCR to map the urease genes on plasmid dUE7.5
10 ng of pUE7.5 DNA was used as template in PCR reactions
containing the following combinations of primers: lane 2=
UX1 and UX2, 3 = M13F and UX2, 4 = M13F and UX1, 5 = M13R
and UX2, 6 = M13R and UX1. Lane 1 = Lambda Hind III markers.
Lane 7 = (|)X174 Hae III markers. The lack of a band in lane 6
where the primers are of compatible orientation is due to
the short extension step of the PCR cycle, which only allows
the amplification of PCR products of around 5.5 Kb and less.



Fig, 12
Scheme of PCR mapping of the urease genes within the 7.5 Kb Eco R1
fragment of pUE7.5.

A

pF/ M 1 3F UX1 UX2 M13R/pR

-en-en
a (3 Y

B

Product of primers M13F and UX2.

Product of primers UX1 and UX2.

Scematic diagram of [A] the three urease genes on the insert of plasmid pUE7.5 and the
relative position of the primers used, and [B] the only two possible PCR products that could
be formed when PCRs were performed under the conditions used (the extension step was for
3 minutes, thus allowing products of up to 5.5 Kb).



Urease indicator agar slopes. These have been
incubated overnight at 37°C after having been
streaked with the following cultures: slope 1 =
untransformed E.coli JM83, 2 = JM83 transformed
with pUX in the absence of IPTG,3 = JM83 transformed
with both pUE7.5 and pJL3 and treated with IPTG, 4 =
JM83 transformed with pUX and treated with IPTG, 5 =
P.mirabilis.



Fig.14

Urease 'dip-stick' catch-test. This has been
performed as described (see Methods) on whole-cell
extracts of the following bacterial material:
bottle 1 = untransformed E.coli JM83, 2 = JM83
transformed with pUX in the absence of IPTG,3 = JM83
transformed with both pUE7.5 and pJL3 and treated
with IPTG, 4 - JM83 transformed with pUX and treated
with IPTG, 5 = U.urealyticum. The unlettered sixth
bottle is P.mirabilis (a negative control to show
that there is no 'background' possible from non-
Ureaplasma urease).



a,
e

Cn -P -H
O fl ^ in f
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Fig.15 1% agarose gel. Markers = OX174 Hae III, all other lanes are

10pl of product from PCR perfomed with primers 14b and c72b
on the following DNA templates. KA=Klebsiella aerogenes.
KP=Klebsiella pneumoniae. PA=Pseudomonas aeruginosa.
PM=Proteus mirabilis. PS=Providencia stuartii. SA=Staphlococcus
aureus.YE=Yersinea enterocolitica. U-rton/cat/chimp=Ureaplasma
isolated from dog, cat and chimpanzee, U-12/14=Ureaplasma
urealyticum serotypes 12 and 14.
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8 10

43

Western blot of the recombinant urease. Lanes contain the following: (1) and (6) E.coli Jm83
transformed with pJL3 and grown in presence of IPTG (see methods), (2) and (7)
U.urealvticum whole cell extract, (3) and (8) JM83 transformed with both pUE7.5 and pJL3
and grown in the presence of IPTG., (4) and (9) JM83 transformed with pUX and grown in
absence of IPTG, (5) and (10) JM83 transformed with pUX and grown in the presence of IPTG.
Whole cell extracts were boiled in denaturong mix and then electrophoresed on a vertical
denaturing polyacrylamide gel in the following amounts: Lanes (1-5) ~20|a.g, (6-10) ~ 10Opig.
Marker sizes shown are in kDa.



Fig. 17.

M IICQDQSNQFT
AGGAGATA.ATG.ATT.ATA.TGT.CAG.GAT.CAA.TCA.AAT.CAA.TTC.ACT.

AGGAGATAATGATTAT.ATG.TCA.GGA.TCA. TCA.AAT.CAA.TTC.ACT.
MSGS SNQFT

N-Terminal amino acid sequence - G S SNQFT
from purified urease.

Diagram showing the nucleotide sequence and predicted amino acid
sequence of the 14 kDa subunit produced by A. Blanchard (upper) and
ourselves (lower) next to the sequence from the purified enzyme. The
single additional base in Blanchard's sequence (underlined) has caused
a predicted ORF beginning at an ATG triplet 8 base pairs further 5' of
the start of our ORF, although both sequences are derived from
Ureaplasma urealvticum (T960) The nucleotide sequence presented here
is in agreement with the amino acid sequence data.



Fia. 18 Table of Oligonucleotides.

The following primers were synthesized in 0.2 pmole amounts as single
stranded DNA molecules with unphosphorylated 5' ends. Brackets {}
indicate mixed bases at that position, brackets () indicate artificially
incorporated restriction enzyme recognition sites.

14a - 29 base pairs.
5' - G(GAATTC)C{AT}GG{AT}AAA{CT}T{AT}GT{AT}CC{AT}GG{AT}GC - 3'

14b/d1 - 23 base pairs.
5' - CCAGGTAAATTAGTACCAGGAGC - 3'

c72a - 28 base pairs.
5' - G(GAATTC){AT}ACTTC{AT}A{AG}ATT{AT}GTATC{AT}CC - 3'

c72b/d2 - 21 base pairs.
5' - CTCCTAATCTAACGCTATCACC - 3'.

d3 - 24 base pairs.
5' - ACACCTCAAACTTCAACGTGTTCC - 3'

d4 - 24 base pairs.
5' - AGGCGAAAATGTGATGAACGAAGG - 3'

d5 - 23 base pairs.
5' - GAAGACAAAGAACGTAAAGTTGC - 3'

UX1 - 30 base pairs.
5' - TTTTTTA(CTCGAG)ATGTCCTTGATGTACCC - 3'

UX2 - 33 base pairs.
5' - AAATGA(CTCGAG)CACGTTTTAAAACGTCGTCGC -3'

PMD1 - 21 base pairs.
5' - GACTTTTCTGAGAAGGGTTGG -3'.

PMD2 - 20 base pairs.
5' - CTCAGGGCAATAACCTAGCC - 3'.

PME1 - 21 base pairs.
5' - ATGATGCTAGCTGATCTGCGC - 3*

PMF1 - 21 base pairs.
5' - CTTGAGCTGGCGTAAACTGCC - 3'

(continued)



LP (Liaatable primer) - 24 base pairs.
5' - GATCCGAATTCAAGCTTGAATTCG -3'.

M13F (pUC19 forward primer) -17 base pairs.
5' - GTAAAACGACGGCCAGT - 3'

M13R (PUC19 reverse primer) - 16 base pairs.
5' - AACAGCTATGACCATG -3'


