













































































































































































































































































































































































































































































Figure 27. Western blot using mouse serum from a B. pseudomallei infection

(1:200) against boiled whole cell lysates.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei HA
3 B. mallei ATCC 23344
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Figure 28. Western blot using mouse serum from a B. mallei infection (1:200)

against boiled whole cell lysates.

Lane

[
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Sample

B. pseudomallei NCTC 4845
B. pseudomallei HA
B. mallei ATCC 23344



Figure 29. Western blot using mouse serum from a B. mallei infection (1:200)

against proteinase-K LPS preparations.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei HA
3 B. mallei ATCC 23344
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Figure 30. Serum antibody titres in mouse serum from B. pseudomallei and B.

mallei infections.
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3.3 Discussion

3.3.1 Detection assays

Antibody reagents, both polyclonal and monoclonal, have been produced for use in
detection assays for B. pseudomallei and B. mallei. Antibodies have been labelled .
with both biotin and FITC and the performance of these antibodies in ELISA and
biosensor assays has been characterised. The cross reactivity of the antibodies has
also been investigated and their potential for use in detection assays for both B.
pseudomallei and B. mallei has been assessed. The binding site of the monoclonal

antibodies has also been identified.

The polyclonal antibody raised against heat killed whole cells of B. pseudomallei has
been labelled with biotin and a capture assay formulated. It has, however, been
found to cross react with other bacterial species such as B. pickettii and B. cepacia.
These other species are taxonomically related (Yabuuchi, E., Kosako, Y. et al. 1992;
Howe, C., Sampath, A. et al. 1971; Mohandas, S., Puthucheary, S.D. et al. 1994) and
are likely to share common epitopes, and it would appear that these shared epitopes
are recognised by the polyclonal antibody. It is possible to absorb out cross reactive
antibodies from polyclonal serum using whole cells of B. pickettii or B. cepacia
(Goding, J.W. 1983). However, removal of these cross reactive antibodies could
affect the performance of the polyclonal serum in immunoassays. If these antibodies
are to be incorporated into a biological detection system, there will be an ongoing
requirement for antibodies to be produced. Polyclonal antibodies are inherently
heterogeneous, and subject to variation between different animal species and

different immunisations (Catty, D. 1988). There is also an ongoing requirement to
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use laboratory animals. A reliance on absorption to ensure the polyclonal antibody is
specific coupled with the inherent heterogeneity could lead to large differences in the

specificity and sensitivity of different batches of polyclonal antibodies.

Monoclonal antibodies, once produced, can be cultured in vitro indefinitely
producing large quantities of antibody of known specificity (Harlow, E. and Lane, D.
1988). The monoclonal antibodies against B. pseudomallei would appear to be
specific for the two bacterial species of interest. Limited cross reactivity studies
indicate that the other organisms tested are not recognised including B. pickettii and
B. cepacia. To be sure of the specificity of these monoclonal antibodies a much
larger cross reactivity study would need to be carried out using a larger number of

strains from each species.

ELISAs formulated with the monoclonal antibodies allowed the detection of
approximately 1 x 10° cfu/ml of B. pseudomallei and B. mallei. These monoclonal
antibodies have also been shown to work in the Manual Threshold biosensor with a
lower detection limit of approximately 1 x 10° cfu/ml for both B. pseudomallei and
B. mallei. Assays carried out with a number of strains of these organisms suggests
that the assays are capable of detecting several different of strains from each of the

two species. The assays do not however distinguish between the two organisms.

B. mallei and B. pseudomallei were thought to be serologically indistinguishable

(Cravitz, L. and Miller, W.R. 1950; Ashdown, L.R., Johnson, R.-W. ef al. 1989).

However, studies have shown that while there are a number of epitopes shared by
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these species, it may be possible with the specificity of monoclonal antibodies to
distinguish between them, although the identity of the discriminatory binding sites of
these monoclonal antibodies is unclear (Jianzhong, Z., Zi, L. et al. 1990; Yakovleva,

I.V., Sviridov, V.V. et al. 1995).

Ideal detection assays must be sensitive, specific and able to detect the majority of
strains in a species of bacteria. The monoclonal antibodies generated here appear to
meet the requirements in terms of sensitivity and specificity and did detect the
majority of strains against which they were screened. Six out of ten B. mallei strains
were detected and nineteen out of the twenty two B. pseudomallei strains used. E27
and E82, two of the undetected B. pseudomallei strains are arabinose-positive soil
isolates. These arabinose-positive strains have been shown to be avirulent and
antigenically different from the virulent arabinose-negative strains (Sirisinha, S.,
Anuntagool, N. ef al. 1998; Wuthickanun, V., Smith, M.D. et al 1996;
Trakulsomboon, S., Dance, D.AB. et al. 1997; Smith, M.D., Angus, B.J. ef al.
1997). It has been proposed that these arabinose-positive strains may constitute a
separate species which has been proposed as B. thailandensis (Brett, P.J., DeShazer,
D. et al. 1997; Brett, P.J., DeShazer, D. et al. 1998). It would appear that the
specificity of the monoclonal antibodies is such that they do not recognise this new
species. This illustrates the importance of using a positively identified bacterial
strain when carrying out research of this kind. Had one of these strains, given as B.
pseudomallei been used for immunisation then the antibodies produced would have
been useless. B. pseudomallei 4845, whilst not the type strain (NCTC 23343) had

been used previously and was a recognised strain of B. pseudomallei.
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A number of the published detection assays for B. pseudomallei are for clinical use
and detect the presence of patient antibodies to the organism rather than the organism
itself (Ashdown, L.R. 1981a; Ashdown, L.R., Johnson, R.W. et al. 1989; Ismail, G.,
Noor Embi, M. et al. 1987, Wongratanacheewin, S., Amornpunt, S. ef al. 1995).
Detection assays which are based on specific antigens of B. pseudomallei have in
general not been tested for cross reactivity with B. mallei (Walsh, A.L., Smith, M.D.
et al. 1994; Wongratanacheewin, S., Tattawasart, U. et al. 1990; Anuntagool, A.,
Intachote, P. et al. 1996; Anuntagool, N., Rugdech, P. et al. 1993; Pongsunk, S.,
Ekpo, P. ef al. 1996). An assay based on the detection of antibodies to B. mallei in
equines has also been reported but again the cross reactivity of this assay with B.

pseudomallei has not been investigated (Verma, R.D., Sharma, J.K. er al. 1990).

3.3.2 Monoclonal antibody specificity

It would appear that the monoclonal antibodies are binding a high molecular weight
polysaccharide material which may be the exopolysaccharide of both B.
pseudomallei and B. mallei. Treatment of B. pseudomallei with sodium periodate
inhibited the binding of the monoclonal antibody 4VIH12. Sodium periodate
treatment is known to modify carbohydrate residues and blotting carried out on
treated and untreated cells shows an absence of binding after treatment. This
suggests that carbohydrate residues are vital in the binding of 4VIHI2 to B.
pseudomallei. Immunofluorescent microscopy using 4VIH12 showed bacterial c_ells

surrounded by a halo of fluorescent stained material.

161



These results would support the theory that the monoclonal is binding to
polysaccharide material which is distributed around the outside of the cell. Steinmetz
(Steinmetz, 1., Rohde, M. er al. 1995) reported the purification and characterisation
of the exopolysaccharide of B. pseudomallei and the production of a specific
monoclonal antibody. Cross reactivity testing showed reactivity only with two
strains of B. mallei. It would appear that the five monoclonal antibodies produced
have very similar reactivity to the monoclonal antibody (MAb 3015) produced by
Steinmetz. However the isolation of two further capsular polysaccharides from B.
pseudomallei makes the identification of the exact monoclonal antibody binding site
difficult (Kawahara, K., Dejsirilert, S. er al 1998). Only further investigation
coupled with chemical analysis could identify which polysaccharide the monoclonal

antibodies are binding to.

The binding of the monoclonal antibodies to both B. pseudomallei and B. mallei
suggests that this antigen is common to both organisms but is not shared by other
members of the Burkholderia genera such as B. cepacia or B. pickettii. The
difference in detection levels between the different strains of the two species may
suggest that the levels of polysaccharide present in different strains is variable. This
reasoning has been confirmed by Khrapova (1998) who reported a wide variation in
the levels of exopolysaccharide between strains of B. pseudomallei and B. mallei
and in the levels produced by a single strain under different culture conditions. The
exopolysaccharide or capsular polysaccharide was first noted by Chambon and
Fournier (Chambon, L. and Fournier, J. 1956) and is thought to be produced as a

means of protection from the environment (Kanai, K. and Kondo, E. 1994), from
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detection and phagocytosis by the immune system (Popov, S.F., Kurilov, V.1. et al.
1995; Mel'nikov, B.I., Popov, S.F. et al. 1990; Puthucheary, S.D., Vadivelu, J. et al.
1996; Vorachit, M., Lam, K. ef al. 1995; Piven, N.N., Smirnova, V.I. et al. 1991) or
as a possible means of attachment to mammalian cells (Ahmed, K., Enciso, HD.R. et

al. 1999).

Extraction of the exopolysaccharide using a published method (Steinmetz, I., Rohde,
M. et al. 1995) proved unsuccessful. ~The product when analysed by gel
electrophoresis showed three protein bands at approximately 14-19kDa, 31-36kDa
and 55kDa and there was also some LPS present in the sample. The presence of LPS
in the sample is not surprising as some of the LPS is only loosely associated with the
membrane and shearing forces during stirring will cause it to become dissociated
(Hammond, S.M., Lambert, P.A. et al. 1984). The three proteins are likely to be
surface associated as they were harvested by stirring. It is possible that these proteins
are outer membrane proteins, two of which are known to have molecular weights of
17 and 31kDa (Gotoh, N., White, N.J. et al. 1994). A 19.5kDa antigen has also been

reported in B. pseudomallei (Anuntagool, N., Rugdech, P. et al. 1993).

3.3.3 Different biotypes and virulence

It would appear from the results of both the strain variation ELISAs and the
immunofluorescence microscopy that the monoclonal antibodies do not bind to the
avirulent soil isolates of B. pseudomallei E27 and E82. It has been reported that
highly virulent strains of B. pseudomallei have increased level of exopolysaccharide

(Peters, M.K., Piven, N.N. et al. 1983), whilst strains deficient in exopolysaccharide
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have reduced or no virulence for laboratory animals (Piven, N.N., Smirnova, V.I. et
al. 1991). 1t is possible that these two avirulent isolates lack the exopolysaccharide

or capsule antigen.

Studies have shown the exopolysaccharide to be a complex structure of glycoprotein
with a molecular weight of 750,000kDa. It is composed of 10% protein and 90%
carbohydrate and it is thought that the carbohydrate and protein components have
different biological functions. A 200kDa carbohydrate component is reported as
having an immunodepressant effect, whilst a 34kDa protein has been shown to be

partially protective in rats (Piven, N.N., Smirnova, V. er al. 1996).

It has also been reported that the presence or absence of a capsule or
exopolysaccharide has a pronounced effect on phagocytosis. Bacterial cells without
exopolysaccharide were actively phagocytosed and lysed by macrophages.
Capsulated B. pseudomallei and B. mallei cells were actively taken up by phagocytes
but those which were taken up were not damaged by the lysosomal contents (Popov,

S.F., Tikhonov, N.G. et al. 1994; Popov, S.F., Mel'nikov, B.I. ef al. 1990).

Structurally the exopolysaccharide has been shown to consist of a repeating
tetrasaccharide unit of three galactose residues and a 3-deoxy-D-manno-2-
octulosonic acid residue. It has been identified in a clinical strain of B. pseudomallei
and is considered an important antigen for diagnostic purposes and as a potential
vaccine candidate (Nimtz, M., Wray, V. et al. 1997; Masoud, H., Ho, M. et al. 1997).

Two further capsular polysaccharides (CP-1a and CP-2) have been identified which
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are thought to play a role in the virulence of B. pseudomallei, (Kawahara, K.,

Dejsirilert, S. ef al. 1998).

3.3.4 Other target surface antigens

Western blots using serum from animals challenged with B. pseudomallei and B.
mallei indicated that the LPS was also a potential target for detection antibodies.
Located on the surface of the bacteria the LPS forms an integral part of the bacterial

outer membrane and is thought to be conserved within the species.

Outer membrane proteins were not considered as first choice targets because of the
potential for variability. Gram negative bacterial cells have been shown to alter the
protein components in the outer membrane in response to stresses such as low iron
availability, exposure to subinhibitory concentrations of antibiotics and nutrient
limitation (Kadurugamuwa, J.L., Anwar, H. et al 1985, Kadurugamuwa, J.L.,
Anwar, H. et al. 1988; Poole, K. and Hancock, R.E.W. 1986). B. pseudomallei has
also been shown to have a wide antigenic variability between isolates
(Lertmemongkolchai, G., Manmontri, W. ef al. 1991) and between culture conditions

(Wongratanacheewin, S., Tattawasart, U. et al. 1993).
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4. Characterisation and immunological properties of the
LPS of B. pseudomallei and B. mallei

4.1 Introduction

4.1.1 The outer membrane and LPS of Gram-negative bacteria

The outer membrane of Gram-negative bacteria is composed of a bimolecular leaflet
(Figure 31). Its composition is different to the cytoplasmic membrane and confers
special properties upon Gram-negative bacteria. The outer membrane, unlike the
cytoplasmic membrane has no role in electron transport, limited enzymic activity and
is distinguished by the presence of a novel series of proteins and LPS. The outer
membrane constitutes a barrier to a wide variety of molecules, making the surface of
Gram-negative organisms less permeable than that of Gram-positive bacteria.
Electron microscopy shows LPS to be present in the outer leaflet of the membrane
and to extend up to 30nm beyond it. Treatment with EDTA causes a non-specific
increase in the general permeability of the outer membrane and in enteric bacteria
releases between one third and a half of the LPS component (Hammond, S.M.,

Lambert, P.A. et al. 1984).

4.1.2 Structure of the LPS of Gram-negative bacteria

LPS is composed of three covalently linked regions, each with a distinctive
composition and biological function (Figure 32). Integrated into the outer membrane
bilayer is the lipid A region, consisting of fatty acid chains linked to glucosamine.

Extending outwards from the lipid A is the core region consisting of a short
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carbohydrate chain and from the core a longer carbohydrate polymer, the O-side
chain. The composition of lipid A is relatively invariable, its structure being highly
conserved in a wide range of Gram-negative bacteria. The sugars comprising the
core are similar in many different bacterial species. In contrast the polysaccharide of
the O-side chains where present, exhibit gross differences in composition and
structure, often within a single species. The O-side chain is the serologically
dominant part of the LPS molecule. It consists of repeating oligosaccharide units,
often containing rare sugars and it is in these sugars that the serological determinants

reside.

Polysaccharides are capable of a considerable degree of diversity per unit structure as
a result of variation in the sugar composition and in the configuration of the
glycosidic linkage. This accounts for the large number of O-serotypes in Gram-

negative bacteria (Hammond, S.M., Lambert, P.A. et al. 1984).

Monoclonal antibodies raised against the O side chain of representative species of
Gram-negative genera such as Bordetella and Vibrio have been shown to be species
specific, whereas those against the core and the lipid A show extensive cross
reaction. Francisella tularensis is a potentially capsulated Gram-negative bacterium
but the capsule does not appear to mask the O antigen of the LPS, allowing

antibodies specific for the O antigen to be used in the detection of the organism

(Fulop, M.J., Webber, T. et al. 1991).
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Figure 31. The cell envelope of a generalised Gram-negative bacterium.
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Figure 32 Generalised structure of bacterial LPS where GLUN is glucosamine,

KDO is 3-deoxy-D-manno-octulosonic acid and Hep is heptose.

4.1.3 Biological activity of the LPS from gram-negative bacteria

Bacterial extracts have long been known to be toxic to man and animals. LPS,
unique to Gram-negative bacteria is, or contains within it, what has been designated
as endotoxin. Endotoxin is thought to play a role in a variety of bacterial diseases
and is a possible causative agent of shock arising from post operative sepsis or other
forms of traumatic injury. It is commonly accepted that lipid A is the primarily toxic

part of the LPS molecule but that the O-side chain has an important role in conferring

169



solubility on the molecule and affecting biological activity. In bacterial infections
endotoxin is thought to play a part in pyrogenicity, the Schwartzman reaction,
abortion and shock (Stephen, J. and Pietrowski, R.A. 1986). Early experiments with
a crude B. pseudomallei extract showed the extract to contain classical endotoxin
activity which caused generalised Schwartzman reaction and haemorrhage in

experimental animals (Rapaport, F.T., Millar, J W. et al. 1961).

4.1.4 Aims

LPS forms an integral part of the outer membrane of gram negative bacteria and will
therefore be present in all strains of a single species. Antibodies raised against the
LPS have the potential to detect a large number of strains from a particular species,
depending on whether the O antigen is subject to variation within the species (i.e. the

number of different serotypes).

The aim of this part of the project was to isolate the LPS from both B. pseudomallei

and B. mallei, raise antibodies against the LPS of both species and characterise the

binding of those antibodies.
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4.2 Isolation and characterisation of the LPS from B. pseudomallei

and B. mallei

4.2.1 Proteinase-K mini-preparations

To visualise the LPS after gel electrophoresis LPS mini-preparations from whole
cells were carried out using proteinase-K. Initial proteinase-K preparations were
carried out with B. pseudomallei NCTC 4845 according to the method of Hitchcock
and Brown and stained using the BioRad Silver Stain Plus kit (Hitchcock, P.J. and
Brown, T.M. 1983). The results were disappointing with no evidence of the
characteristic LPS O-antigen ladder. Coomassie blue stained preparations treated
with proteinase-K were compared with preparations without proteinase-K: there were
a number of bands in the untreated preparations compared with no visible bands in
the proteinase-K treated preparations. Gels were also stained with the BioRad Silver
Stain kit which is optimised to stain polysaccharides and in these gels there was a
faint band on the bottom of the gel which may have been lipid A. However, the O-

antigen ladder was undetected.

Western blotting of the B. pseudomallei proteinase-K preparations using mouse
polyclonal serum as the primary detection antibody did visualise the ladder effect
characteristic of LPS. It is possible that the LPS minipreparations had worked in
terms of isolation and separation but that the silver stains were not effective at

staining the O-antigen.
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Using an alternative silver staining method (section 2.4.4) using periodic acid
oxidation followed by ammoniacal silver nitrate treatment (Tsai, C.M. and Frasch,
C.E. 1982), the O-antigen stained and the characteristic ladder was visualised (Figure
33, lane 1). This alternative method is believed to reduce the loss of band visibility
due to excessive washing (Fomsgaard, A., Freundenberg, M.A. et al. 1990), however
it is more likely that differences in oxidation may be responsible. The silver stain of
Tsai and Frasch is assumed to be dependent on the presence of periodate-sensitive
cis-glycols in the LPS molecule, and these groups would appear to be present in B.
pseudomallei LPS. The Bio-Rad silver staining kits may use a different oxidising
agent which, in the case of B. pseudomallei LPS, appears ineffective. The
effectiveness of silver staining methods appear to be dependent on the presence of
reactive groups in the LPS molecules under examination. The LPS from P.
aeruginosa PAQ is very poorly stained due to the absence of these reactive groups

(Kropinski, A.M., Berry, D. et al. 1986).
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Figure 33. Comparison of LPS extracted from B. pseudomallei NCTC 4845 by

different methods. 10ug of material has been loaded in lanes 2 and 3.

Lane Sample
1 Mini proteinase-K preparation
2 Small scale proteinase-K preparation
3 Phenol/water extraction
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4.2.2 Comparison of the LPS of B. pseudomallei NCTC 4845 with other strains

of B. pseudomallei

Proteinase-K minipreparations were carried out on a number of different strains of B.
pseudomallei. Initially minipreparations were carried out on six strains of B.
pseudomallei. Silver staining showed the profiles of the extracts from different B.
pseudomallei strains to be very similar apart from the extract from strain HA (Figure
34). The O antigen bands in the profile of this strain were of a slightly higher
molecular weight and spaced further apart. This profile was termed the atypical LPS.
Further proteinase-K minipreparations were carried out on a total of 22 strains of B.
pseudomallei (Figures 35-37). Seventeen strains showed the typical LPS profile,
four strains (HA, 123, PA and 576) were found to have the atypical LPS profile and
one strain (E8) had no visible O antigen at all. All PK minipreps were carried out
with the same amount of starting material (1mg {wet weight} bacterial cells in 30ul
sample buffer) so the absence of a visible O antigen in E8 is not due to large

differences in the amount of bacteria used in the preparation of LPS.

4.2.3 Comparison of the LPS of B. pseudomallei with the LPS of B. mallei

strains

Previous workers have shown that B. mallei and B. pseudomallei are antigenically
very similar (Jianzhong, Z., Zi, L. et al. 1990). To compare the silver stain profiles
of B. mallei and B. pseudomallei proteinase-K minipreparations were carried out on
seven different B. mallei strains. Silver stained profiles showed great visual

similarity between the strains (Figures 38 & 39) and to the typical LPS profile of B.
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pseudomallei. The exceptions were B. mallei 10245 and 120 which showed no
visible O-antigen. As with the B. pseudomallei strains each proteinase-K
minipreparation was carried out with the same amount of starting material (Img {wet
weight} bacterial cells in 30pl sample buffer) and the same volume was loaded in
each case. Given the antigenic similarities between these two species of bacteria, it
is possible that the LPS of B. mallei is very similar to the typical B. pseudomallei
LPS. The structure of B. mallei LPS has not been reported, however the visual
similarity of the silver stained profiles of the LPS from the two species would

support this theory.
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Figure 34. Appearance of proteinase-K extracts of whole cells of B. pseudomallei
after SDS-PAGE and silver staining. The material loaded in lane 3 has an

atypical profile.

Lane Sample

B. pseudomallei £38

B. pseudomallei Mal 6

B. pseudomallei HA

B. pseudomallei 551a

B. pseudomallei 603a

B. pseudomallei NCTC 4845
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Figure 35. Appearance of proteinase-K extracts of whole cells of B. pseudomallei
after SDS-PAGE and silver staining. The material loaded in lane 2 has an

atypical profile and lane 3 has no visible O-antigen.

Lane Sample

B. pseudomallei 204
B. pseudomallei 576
B. pseudomallei E8

B. pseudomallei E25
B. pseudomallei £27
B. pseudomallei £82
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Figure 36. Appearance of proteinase-K extracts of whole cells of B. pseudomallei
after SDS-PAGE and silver staining. The material loaded in lanes 4 and 5 has

an atypical LPS profile and lane 7 shows no visible O-antigen.

Lane Sample

B. pseudomallei ATCC 23343
B. pseudomallei 4889

B. pseudomallei O

B. pseudomallei 123

B. pseudomallei PA

B. pseudomallei Mal 6

B. pseudomallei E8

B. pseudomallei BRI
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Figure 37. Appearance of proteinase-K extracts of whole cells of B. pseudomallei
after SDS-PAGE and silver staining. The material loaded in lane 1 has an

atypical LPS profile.

Lane Sample

B. pseudomallei 576

B. pseudomallei UBOL-2

B. pseudomallei USAMRU-21
B. pseudomallei SEARLE

B. pseudomallei USAMRU-1
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Figure 38. Appearance of proteinase-K extracts of whole cells of B. mallei after
SDS-PAGE and silver staining. The material loaded in lanes 4, 5 and 6 shows no

visible O-antigen.

Lane Sample

B. pseudomallei NCTC 4845
B. pseudomallei Mal 6

B. mallei NCTC 3708

B. mallei NCTC 3709

B. mallei NCTC 10245

B. mallei NCTC 120

B. mallei NCTC 10229
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Figure 39. Appearance of proteinase-K extracts of whole cells of B. mallei after

SDS-PAGE and silver staining.

Lane Sample

B. pseudomallei NCTC 4845
B. pseudomallei Mal 6
. mallei NCTC 10247
. mallei NCTC 10248
. mallei NCTC 10230
. mallei NCTC 10260
. mallei NCTC 10260
. mallei ATCC 23344
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4.2.4 Comparison of the LPS of B. pseudomallei and B. mallei with that of other

bacterial species

To compare the LPS of B. pseudomallei and B. mallei with the LPS of other bacterial
species, proteinase-K minipreparations were carried out with other species known to
be closely related to B. pseudomallei. Heat killed cells of B. pickettii NCTC 11149,
P. aeruginosa NCTC 10332 and B. cepacia NCTC 10661 were treated.
Electrophoresis followed by silver staining showed different LPS profiles (Figure
40). The ladders of B. mallei and B. pseudomallei were very similar and unlike those
of P. aeruginosa and B. pickettii. There is, however, some visual similarity between
the LPS profiles of B. cepacia NCTC 10661, B. mallei NCTC 10247 and B.

pseudomallei NCTC 4845.

4.2.5 Phenol hot water extraction

To produce purified LPS for endotoxin assays and immunisations an LPS extraction
using phenol/hot water was carried out. A small scale LPS extraction was carried out
on B. pseudomallei NCTC 4845 heat inactivated cells utilising the phenol hot water
method of Westphal and Jann (Westphal, O. and Jann, K. 1965). Extraction of the
LPS was carried out using phenol at 67°C. However, after dialysis and
ultracentrifugation there was no visible pellet. The failure to isolate any LPS may
have been due to the use of insufficient bacteria as the starting material. The original
method uses 20g (dry weight) bacterial cells, however, due to the technical problems
of producing large amounts of inactivated Category I1I pathogen this first extraction

was carried out using 0.5g of bacteria.
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A second experiment was carried out using 3g of lyophilised bacteria made up to 5%
(w/v) in dH,0. Extractions were carried out using hot phenol followed by dialysis
and ultracentrifugation. There was no evidence of a pellet but resuspension was
carried out using 1ml of dH,0. The preparation was then frozen and lyophilised
overnight. The yield was low (0.5mg) and when analysed by SDS-PAGE there was a
band in the lower part of the gel which could be lipid A but no characteristic LPS

ladder effect (Figure 33).

4.2.6 Small scale PK extraction of B. pseudomallei LPS

The lack of success using the traditional phenol/hot water method for the extraction
of LPS meant that a second method was required for producing adequate quantities
of purified LPS for immunisations. The proteinase-K minipreparation method was
scaled up by removing the bromophenol blue from the solubilisation buffer,
lengthening the incubation time with proteinase-K followed by exhaustive dialysis

against water before lyophilisation.

260mg (wet weight) of heat inactivated bacteria were treated with PK using this
method. After lyophilisation the yield of LPS was 12mg. Electrophoresis followed
by silver staining showed the O-antigen to be clearly present. LPS produced in this

way, when silver stained, appeared identical to that produced in the minipreparations

(Figure 33).
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4.2.7 Small scale PK extraction of B. mallei LPS

The small scale PK method was used to produce LPS from B. mallei 23344. 360mg
of heat inactivated bacteria were treated with proteinase-K by this method. After
lyophilisation the yield of LPS was 1lmg. Electrophoresis followed by silver
staining showed the O-antigen to be clearly present. The LPS produced by this
method from B. mallei appeared identical to that produced in proteinase-K
minipreparations when silver stained and showed close similarity to the typical LPS

of B. pseudomallei.

4.2.8 Small scale PK extraction of atypical B. pseudomallei LPS

The small scale PK method was used to produce LPS from B. pseudomallei HA.
144mg of heat inactivated B. pseudomallei HA was treated with proteinase-K by this
method. After lyophilisation the yield of LPS was 7mg. Electrophoresis followed by
silver staining showed the O-antigen to be clearly present. The LPS produced by this
method from B. pseudomallei HA appeared identical to that produced in proteinase-
K minipreparations when silver stained and shows the wider spaced O-antigen bands

of the atypical LPS.
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Figure 40. Comparison of proteinase-K extracts of whole cells of B. pseudomallei
and B. mallei with those of closely related bacterial species and SDS-PAGE and

silver staining.

Lane Sample

B. pseudomallei 204

B. mallei ATCC 23344

B. cepacia NCTC 10661

P. aeruginosa NCTC 10332
B. pickettii NCTC 11149
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4.2.9 Limulus amoebocyte lysate (LAL) assays

LAL assays were carried out to assess the endotoxin activities of the different LPS
preparations. Small scale preparations of B. pseudomallei 4845, B. pseudomallei HA
and B. mallei 23344 at 2mg/ml were diluted in endotoxin-free water for use in the
assay. The endotoxin activities of the typical B. pseudomallei LPS and the B. mallei
LPS appear to be similar at approximately 2 endotoxin units per ng LPS, but the
atypical B. pseudomallei LPS has higher activity at approximately 4 endotoxin units
per ng LPS (Figure 41). However, protein assays showed there to be some low level
protein contamination (approximately 5-10%) in the three LPS preparations, so these
figures are only an indication of the endotoxin activity. It is possible that the
differences in endotoxin activity between the LPS types may be due to the protein
contaminants or to slight differences in the amounts of LPS tested due to the
presence of the protein contamination. However, all three samples are low when

compared with that of the control E. coli LPS.
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Figure 41. Endotoxin activity of each of the LPS preparations from B.
pseudomallei NCTC 4845 (typical), B. pseudomallei HA (atypical) and B. mallei

NCTC 23344.

4.3 Production of antibodies to LPS

4.3.1 Effect of adjuvants on the immune response to B. pseudomallei LPS

One of the aims of the project was to produce antibodies for the detection of B.
mallei and B. pseudomallei. Antibodies of the isotype IgM were unsuitable for use in
the Manual Threshold Biosensor and are also difficult to produce and purify in
quantity (Kenney, J.S., Hughes, B.W. er al. 1989). Antibodies of the isotype IgG are
therefore preferable. ~ LPS usually induces an IgM response (Hadjipetrou-
Kourounakis, L. and Moller, E. 1984). However, the use of different adjuvants may

produce different immune responses with the same antigen.
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LPS was administered in four different ways to see if one method promoted an IgG
response. The different adjuvants were Alhydrogel™, Titremax® and Freund’s
incomplete adjuvant, LPS was also administered without any adjuvant. Fourteen
days after each immunisation, intermediate blood samples were taken and analysed
for titre and isotyping against immobilised B. pseudomallei. After four boosts at
three week intervals the blood samples showed a difference in immune response

according to the adjuvant (Figure 42).
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Figure 42. Serum titres from mice immunised with LPS alone and in three
different adjuvants. Endpoint titre was taken as the last serum dilution which

was a minimum of 0.1 absorbance units above the negative control.

LPS alone showed the weakest response with a high IgM titre, low levels of 1gG,,

and IgG;, and no detectable levels of IgG, and IgG,,. LPS in combination with
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Alhydrogel™ also gave a predominantly IgM and IgG, response, but also gave low
levels of IgG, and IgG,,. The greatest responses were from the LPS in FIA and the
LPS in Titremax® groups. LPS in FIA gave high titres of all antibody isotypes
whilst the LPS in Titremax® group had lower titres overall but of particular interest

was the very low IgM titre (<1:4000).

4.3.2 Production of monoclonal antibodies

Only those animals in the groups immunised with B. pseudomallei NCTC 4845 LPS
in FIA and in Titremax® were considered for fusions. Pre-fusion boosts were either
50ug B. pseudomallei NCTC 4845 LPS or 2 x 10’cfu inactivated B. pseudomallei
NCTC 4845 given intravenously three days prior to fusion. Fusions were carried out
according to the method in section 2.2.5 and blood was collected from each animal to
assess polyclonal antibody titre. After 14 days the fusion plates were examined for

the presence of clones.

In total eight fusions were carried out. However, fusion frequency was low,
producing few clones, none of which were positive when screened against
immobilised B. pseudomallei NCTC 4845. Screening was carried out against
immobilised bacteria rather than purified LPS as it is important that any antibodies
produced recognise LPS as part of the whole bacterial cell rather than as purified
material. It was thought that immobilising LPS onto an ELISA plate might alter its
conformation.

One positive clone was identified (BA2) from a mouse immunised with LPS from B.

pseudomallei NCTC 4845, which when tested in ELISA with immobilised B. mallei
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and B. pseudomallei strains was found to bind to both species. When tested in
western blot against boiled whole cell preparations it was found to bind to a 14-
21kDa protein present in both species. When used in western blots against the
exopolysaccharide extraction material (section 3.2.15) it appeared to recognise the
16-17kDa protein present in the preparation (Figure 43). BA2 was found in ELISA,
to bind to twelve out of the twenty two B. pseudomallei strains (Table 21) and one of
the ten B. mallei strains (Table 22). It would appear that this protein is found in both

B. mallei and B. pseudomallei but is not present in all strains of the two species.

Fusions were also carried out using animals immunised with B. mallei NCTC 23344,
one of which yielded a monoclonal hybridoma cell line (LF7). LF7 was found to
bind to a 31-45kDa protein found in boiled whole cell preparations of both B.
pseudomallei and B. mallei. When used in western blots against the
exopolysaccharide extraction material (section 3.2.15) LF7 was found to bind to the
31-36kDa protein (Figure 44). LF7 was found in ELISA, to bind to ten out of the
twenty B. pseudomallei strains screened (Table 21) and five of the ten B. mallei
strains (Table 22). It would appear that this protein is also found in both B. mallei

and B. pseudomallei but is not present in all strains of the two species.
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Figure 43. Western blot showing the binding of monoclonal antibody BA2 to a

14-21kDa protein found in the exopolysaccharide extraction material.
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Figure 44. Western blot showing the binding of monoclonal antibody LF7 to a

31-45kDa protein found in the exopolysaccharide extraction material.

Lane Sample
1 Molecular weight markers
2 Exopolysaccharide preparation
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Strain " BA2 LF7

B. pseudomallei NCTC 4845 + +
B. pseudomallei ATCC 23343 + -
B. pseudomallei USAMRU-1 + +
B. pseudomallei UBOL-2 - +
B. pseudomallei 4889 + -
B. pseudomallei USAMRU-21 + +
B. pseudomallei SEARLE - +
B. pseudomallei 123 - -
B. pseudomallei O + +
B. pseudomallei PA + -
B. pseudomallei BRI - +
B. pseudomallei E8 - -
B. pseudomallei E25 - +
B. pseudomallei E27 T - +
B. pseudomallei E82 1 - +

B. pseudomallei 204 +
B. pseudomallei 576 +
B. pseudomallei 551a + nd
B. pseudomallei 603a +
B. pseudomallei E38 - -
B. pseudomallei HA + nd
B. pseudomallei Mal 6 - -

+ Arabinose-positive avirulent isolates

A mnegative result was defined as an absorbance reading of less than the corresponding negative
control plus 0.lunits. A positive result was defined as an absorbance reading greater than the
corresponding negative control plus 0.2units. Any reading between the two was defined as borderline
(). nd indicates the result was not determined.

Table 21. Reactivity of the monoclonal antibodies BA2 and LF7 with B.

pseudomallei strains.
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Strain BA2 LF7
B. mallei ATCC 23344 + -
B. mallei NCTC 10230 - +
B. mallei NCTC 120 - -
B. mallei NCTC 3708 - +
B. mallei NCTC 3709 - -
B. mallei NCTC 10229 - +
B. mallei NCTC 10245 - -
B. mallei NCTC 10247 - +
B. mallei NCTC 10248 - +
B. mallei NCTC 10260 - -

A negative result was defined as an absorbance reading of less than the corresponding negative
control plus 0.lunits. A positive result was defined as an absorbance reading greater than the
corresponding negative control plus 0.2units. Any reading between the two was defined as borderline
(£). nd indicates the result was not determined.

Table 22. Reactivity of the monoclonal antibodies BA2 and LF7 with B. mallei

strains.

It would appear that the monoclonal hybridoma cell lines produced in fusions do not
recognise LPS. Western blots were carried out with boiled whole cell preparations
and pre-fusion serum from one of the mice immunised with LPS from B.
pseudomallei NCTC 4845. The blot indicates that the animal has not only raised
antibodies to the LPS, but also to the low level protein contaminants in the LPS

preparations (Figure 45).
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Figure 45. Western blot showing the binding of serum antibodies from a mouse

immunised with B. pseudomallei NCTC 4845 LPS to boiled whole cell

preparations.

Lane Sample

B. pseudomallei NCTC 4845
B. pseudomallei HA

B. mallei ATCC 23344

B. cepacia NCTC 10661

P. aeruginosa NCTC 10332
B. pickettii NCTC 11149
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4.3.3 Cross reactivity of polyclonal immune serum

Polyclonal serum from mice immunised with LPS was used in western blots to assess
the cross-reactivity between different LPS types. Proteinase-K minipreparations
from B. pseudomallei NCTC 4845, B. pseudomallei HA and B. mallei ATCC 23344

were used in the cross reactivity experiments.

The pre-fusion polyclonal serum from one mouse immunised with LPS from B.
pseudomallei NCTC 4845 in Titremax® appeared only to detect the typical LPS O-
antigen found in B. pseudomallei 4845 (Figure 46). It was anticipated that the
polyclonal serum would cross react with the B. mallei 23344 LPS which on gels
appears very similar to that of B. pseudomallei 4845, however this did not appear to
be the case. Polyclonal sera from this animal recognised the lipid A band, which
appeared to be conserved for all three LPS types (Figure 46). This is not surprising
as it has been reported that lipid A part of the LPS molecule shows little variation
within species and this would appear to be the case (Hammond, S.M., Lambert, P.A.
et al. 1984). In further blots the pre-fusion sera from a second animal immunised in
the same way, was found to recognise 12 strains of B. pseudomallei, all having the
typical LPS profile, there was however no recognition of the 3 strains with the

atypical profile (Figures 47 & 48).

Western blots with pre-fusion serum from a number of other animals showed
different blotting profiles, some with cross reactivity between B. mallei LPS and the
B. pseudomallei typical LPS. This suggests that the LPS molecules of B. mallei and

typical B. pseudomallei have some shared epitopes. The pre-fusion serum, however,
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did not show any cross reaction with the atypical LPS of B. pseudomallei which

appears to be immunologically unique.

Western blots carried out with the guinea pig polyclonal serum raised against heat
killed whole cells gave different results. This serum appears to recognise the LPS
profiles of B. pseudomallei NCTC 4845 (typical), B. mallei NCTC 23344 and B.
pickettii NCTC 11149, but not those of B. pseudomallei HA (atypical), P. aeruginosa
NCTC 10332 and B. cepacia NCTC 10661 (Figure 49). ELISAs carried out with this
polyclonal serum had shown detection of all six organisms, although detection of B.

pseudomallei HA | P. aeruginosa and B. cepacia 10661 was weak (Figure 10).
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Figure 46. Western blot of pre-fusion serum from a mouse immunised with LPS
from B. pseudomallei 4845 against proteinase-K minipreparations from B.

pseudomallei and B. mallei.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei HA
3 B. mallei ATCC 23344
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Figure 47. Western blot of pre-fusion serum from a mouse immunised with LPS
from B. pseudomallei NCTC 4845 against proteinase-K minipreparations from
different B. pseudomallei strains. The material loaded in lane 4 has an atypical

LPS profile and lane 5 had no visible O-antigen when silver stained.
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B. pseudomallei NCTC 4845
B. pseudomallei 551a

B. pseudomallei 204

B. pseudomallei 576

B. pseudomallei E8
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B. pseudomallei 27

B. pseudomallei E82
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Figure 48. Western blot of pre-fusion serum from a mouse immunised with LPS
from B. pseudomallei NCTC 4845 against proteinase-K minipreparations from
different B. pseudomallei strains. The material loaded in lanes 4 and 5 has

atypical LPS profiles and lane 7 had no visible O-antigen when silver stained.
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B. pseudomallei ATCC 23343
B. pseudomallei 4889
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B. pseudomallei BRI
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Figure 49. Western blot of guinea pig anti-B. pseudomallei (whole cells)
polyclonal serum against proteinase-K minipreparations of different species of

baecteria.
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B. pseudomallei NCTC 4845
B. pseudomallei HA

B. mallei ATCC 23344

B. cepacia NCTC 10661
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4.3.4 Production of monoclonal antibodies to LPS

Two hybridoma cell lines were produced which, when used in western blotting

appear to recognise LPS.

CC6 was produced in a fusion using the spleen from a mouse immunised with LPS
from B. mallei ATCC 23344 in Freunds incomplete adjuvant. In ELISA, CC6 was
shown to recognise both B. pseudomallei and B. mallei, but did not recognise all
strains of the two species. In total, CC6 bound to four of the twenty strains of B.
pseudomallei tested (SEARLE, NCTC 4845, USAMRU-21 and UBOL-2) and six of
the ten B. mallei strains tested (Table 23). In western blotting, the antibody showed
clear recognition of LPS from B. mallei ATCC 23344 and faint recognition of LPS

from B. pseudomallei NCTC 4845 (Figure 50).

Further western blots using a number of different strains of B. mallei showed variable
recognition of the different strains (Figures 51 & 52), however, these results appear
to correlate with the results found in ELISA (Table 23). Recognition of B.
pseudomallei strains was weak both in ELISA and in western blots. The different
levels of recognition may be due to differences in the quantity of LPS present in
proteinase-K minipreparations loaded on the gels (10pul) compared with the number

of organisms in the suspensions used to coat ELISA plates (1 x 10’cfu/ml).
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HC9 was produced in a fusion using the spleen from a mouse immunised with LPS
from B. pseudomallei HA, a strain with atypical LPS. When tested in western blots,
HC9 appeared to detect only the atypical LPS and shows no recognition of the
typical LPS of B. pseudomallei NCTC 4845 or the LPS of B. mallei ATCC 23344
(Figure 53). This supports the theory that the atypical LPS is immunologically

distinct from the typical LPS of B. pseudomallei and B. mallei.

Strain Recognition in Recognition in
ELISA western blots *

B. mallei ATCC 23344 + +

B. mallei NCTC 10230 + +

B. mallei NCTC 120 - -

B. mallei NCTC 3708 + +

B. mallei NCTC 3709 - +

B. mallei NCTC 10229 + +

B. mallei NCTC 10245 - -

B. mallei NCTC 10247 + +

B. mallei NCTC 10248 + +

B. mallei NCTC 10260 + +

+ A negative result was defined as an absorbance reading of less than the corresponding negative
control plus 0.lunits. A positive result was defined as an absorbance reading greater than the
corresponding negative control plus 0.2units. Any reading between the two was defined as borderline

).

* A negative result was defined as no visible binding, a positive result was defined as clearly visible
binding and visible but faint binding borderline ().

Table 23. Recognition of B. mallei strains by the monoclonal antibody CC6 in

ELISA and western blots.
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Figure 50. Western blotting of monoclonal antibody CC6 against B.

pseudomallei and B. mallei proteinase-K minipreparations.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei HA
3 B. mallei ATCC 23344
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Figure 51. Western blotting of the monoclonal antibody CC6 against proteinase-

K minipreparations of different B. mallei strains.
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Figure 52. Western blotting of the monoclonal antibody CC6 against proteinase-

K minipreparations of different B. mallei strains.
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Figure 53. Western blotting of the monoclonal antibody HCY against B.

pseudomallei and B. mallei strains.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei HA
3 B. mallei ATCC 23344
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4.3.5 Comparison of typical B. pseudomallei and B. mallei LPS

Serum taken from mice infected with B. mallei has been shown to clearly recognise
B. mallei LPS and faintly recognise B. pseudomallei LPS (Figure 29). This
difference in binding may be due to a number of factors, including differences in the
amounts of LPS loaded on the gel or to differences in the structures of the LPS
molecules. To determine whether B. mallei LPS has unique epitopes not present in
the typical LPS of B. pseudomallei, the serum was incubated with B. pseudomallei
cells (10° cells/ml serum) at 37°C. After incubation, the cells were removed by

centrifugation and the serum used in western blotting.

Proteinase-K preparations of B. pseudomallei NCTC 4845 and B. mallei ATCC
23344 LPS were used to compare antibody binding before and after absorption.
Figure 54 shows that after absorption with B. pseudomallei cells there is no residual
binding to B. mallei LPS at all. Antibodies to unique epitopes present in B. mallei
should not have been removed by absorption and would therefore have bound during
the blotting process. There is no evidence of this, and this would suggest that the

LPS molecules of B. mallei and B. pseudomallei are very similar.
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Figure 54. Western blot showing the difference in antibody binding before

(upper) and after absorption (lower) with B. pseudomallei NCTC 4845 cells.

Lane Sample
1 B. pseudomallei NCTC 4845
2 B. pseudomallei NCTC 4845
3 B. mallei ATCC 23344
4 B. mallei ATCC 23344
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4.4 Discussion

4.4.1 Isolation of LPS from B. pseudomallei NCTC 4845

The proteinase-K minipreparations, when separated by electrophoresis and stained
with silver stain showed the characteristic ladder profile associated with LPS. This
profile appeared identical to the profile reported by Kawahara who used B.
pseudomallei strain GIFU 12046 (Kawahara, K., Dejsirilert, S. ef al. 1992). This
similarity indicates that the material isolated and stained is the lipopolysaccharide of

B. pseudomallei.

The phenol-hot water extraction gave very low yields of LPS, which when compared
with that produced in proteinase-K minipreparations, showed large low molecular
weight bands and barely visible levels of O-antigen. It has been reported that the
phenol-hot water method can be used successfully for the extraction of LPS from B.
pseudomallei (Bryan, L.E., Wong, S. et al. 1994). However, in the case of B.
pseudomallei NCTC 4845 this did not appear to be the case. This agrees with the
findings of Kawahara who reported that extraction of LPS with phenol/hot water
resulted in a low yield with no O-antigen ladder (Kawahara, K., Dejsirilert, S. ef al.
1992). A different extraction method, that of Galanos (Galanos, C., Luderitz, O. et
al. 1969) normally used for the extraction of rough LPS was reported to give a better
yield of LPS from B. pseudomallei strain (Kanai, K. and Kondo, E. 1994). Chart
suggested that close association of LPS molecules with hydrophobic membrane
proteins affects the phenol-hot water extraction and the LPS does not enter the

aqueous phase but remains in the phenol phase (Chart, H. 1994a). It was suggested

210




that the extraction could be improved by carrying out an outer membrane preparation

prior to phenol-hot water extraction.

4.4.2 O-antigen profiles of B. pseudomallei LPS

It has been reported that the LPS of B. pseudomallei is conserved throughout the
species (Kanai, K. and Kondo, E. 1994). Twelve different strains of B. pseudomallei
were shown to have very similar proteinase-K profiles and produced a characteristic
ladder pattern with almost identical spacing and position of bands (Pitt, T.L.,
Aucken, H. ef al. 1992). This characteristic ladder pattern has been found with
eighteen of the twenty-two strains of B. pseudomallei used in these investigations.
However, four of the strains were found to have a different proteinase-K profile,
when silver stained. The bands appear to be of a higher molecular weight and to
have a greater spacing between them (Figure 36, lanes 4 and 5). It is possible that the
repeating oligosaccharide units in the atypical LPS structure are of a higher
molecular weight than those found in the typical LPS profile, and this difference in
molecular weight affects the banding pattern seen in silver stained gels. This atypical
profile has not been described. However, one study of 214 B. pseudomallei isolates
noted that 210 isolates had identical proteinase-K profiles and 4 appeared to be
different (Anuntagool, N., Intachote, P. ef al. 1998). Work carried out recently at the
PHLS in London has confirmed that the atypical LPS is found in B. pseudomallei

strain 576 (T. L. Pitt, personal communication).

Recent work has shown the presence of two distinct O-antigens in B. pseudomallei

strain 304b, termed O-PS I and O-PS II, present in approximately equal proportions.
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O-PS T has been shown to consist of an unbranched, high molecular weight
homopolymer, whilst O-PS II is an unbranched heteropolymer with repeating D-
glucose and L-talose units (Perry, M.B., MacLean, L.L. et al. 1995). These results
correlate with those of a second group which also found two different O-antigens on
a single strain of B. pseudomallei (Knirel, Y.A., Paramonov, N.A. er al. 1992).
Comparison of these two O-antigens with those described here is not possible as the

data in both cases is presented as mass spectroscopy profiles.

4.4.3 LPS structure and virulence

LPS is a known virulence determinant of gram-negative bacteria (Reeves, P. 1995)
such as P. aeruginosa (Pitt, T.L. 1989), Yersinia pestis (Albizo, J.M. and Surgalla,
M.J. 1970), Salmonella spp. (Islam, A.F., Moss, N.D. et al. 2000) and Brucella spp.
(Eisenschenk, F.C., Houle, J.J. e al. 1999) and has been linked with virulence in B.
pseudomallei (Bryan, L.E., Wong, S. et al. 1994). B. pseudomallei strains E27 and
E82 are avirulent, arabinose-positive isolates and are potentially a different species,
B. thailandensis (Brett, P.J., DeShazer, D. et al. 1998). When silver stained after
electrophoresis, proteinase-K LPS preparations from both E27 and E82 have the
same LPS profile as that of LPS from virulent B. pseudomallei strains. Polyclonal
sera from animals immunised with LPS from B. pseudomallei NCTC 4845
recognises LPS from the two avirulent B. pseudomallei (B. thailandensis) strains as
well as the other B. pseudomallei strains. This correlates with the findings of
Anuntagool ef al. (1998) who showed that the LPS of avirulent, arabinose-positive B.

pseudomallei (B. thailandensis) isolates is immunologically indistinguishable from
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virulent arabinose-negative B. pseudomallei clinical isolates using polyclonal serum

from melioidosis patients (Anuntagool, N., Intachote, P. et al. 1998).

Avirulent, arabinose positive B. pseudomallei (B. thailandensis) strains are reported
to only carry the O-PS II LPS side chain (DeShazer, D., Brett, P.J. et al. 1998).
Genetic mutants deficient in O-PS II were found to be sensitive to the bactericidal
effect of serum in the presence of complement and were found to be less virulent in
the animal model of disease. It has been proposed therefore, that O-PS II is required
for serum resistance and virulence (DeShazer, D., Brett, P.J. et al. 1998). A recent
serological study has indicated that antibodies to O-PS II are protective against fatal
melioidosis (Charuchaimontri, C., Suputtamongkol, Y. et al. 1999). The monoclonal
antibody CC6 developed in this work recognised four strains of B. pseudomallei, all
of which are thought to be virulent. Further studies would be needed to confirm

whether CC6 binds to O-PS I or O-PS II.

The presence of the atypical B. pseudomallei LPS profile does not appear to be
linked with virulence. B. pseudomallei strains 576 and HA, both of which have the
atypical LPS profile are both isolates from human infection and are known to be
virulent. Polyclonal serum raised against the typical LPS of B. pseudomallei NCTC
4845 showed no recognition of the atypical LPS of B. pseudomallei HA. This would
suggest that the atypical LPS profile is not made up of either O-PS I or O-PS 11, as
antibodies to both side chains would be present in polyclonal serum. In addition, the
monoclonal antibody HC9 appears only to recognise the atypical structure. These

results suggest that the atypical LPS is immunologically different to the typical LPS
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found in the majority of B. pseudomallei strains. Techniques such as mass

spectroscopy could be used to further investigate the atypical LPS structure.

4.4.4 O-antigen profiles of B. mallei LPS

Proteinase-K minipreparations of B. mallei LPS, when silver stained show a profile
very similar to that of the typical B. pseudomallei profile. This is not surprising as B.
pseudomallei and B. mallei are known to be very closely related and to share many
common epitopes (Yakovleva, 1.V., Sviridov, V.V. et al. 1995). Silver staining of
the proteinase-K minipreparations from the ten different strains of B. mallei show a

conserved profile that appears to vary little between the different strains.

The O-antigen profile of B. mallei LPS has not been published but it would appear to
be similar to that of typical B. pseudomallei strains. Polyclonal serum raised against
the LPS of typical B. pseudomallei shows some cross reactivity with B. mallei and

would, therefore suggest that the two molecules share some common epitopes.

Polyclonal sera from a number of different animals showed some variability in the
levels of cross reactivity between B. mallei and B. pseudomallei LPS and this could
be due to a number of reasons. It may be that the natural heterogeneity of polyclonal
serum means that different batches recognise LPS to different degrees or it may be
that the LPS molecules from B. pseudomallei and B. mallei have unique epitopes as
well as shared ones and that the different batches of serum are recognising these
different epitopes. CC6, a monoclonal antibody raised against B. mallei LPS also

shows some recognition of the typical LPS from strains of B. pseudomallei.
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Serum reactive against B. mallei LPS showed no recognition of either B.
pseudomallei or B. mallei LPS after absorption with B. pseudomallei cells. This
would suggest that the two LPS molecules are very similar and that epitopes are
shared by the LPS from both species. Antibodies to unique epitopes present on B.
mallei LPS would not have been absorbed and should have been seen in the blots

carried out with the absorbed serum.

Characterisation of the LPS structure of B. mallei would only be possible by mass
spectroscopy as the chemical techniques are not sensitive enough to show fine
differences between the LPS molecules of the two species. An alternative isolation
method would have to be used for the isolation of LPS for further characterisation.
Mass spectroscopy studies would require a highly purified LPS sample which was
not contaminated by exopolysaccharide or protein components. Studies carried out
with B. pseudomallei LPS have used the phenol-hot water method for isolating LPS,
and it is possible that this extraction technique would be more successful with B.

mallei strains than with B. pseudomallei NCTC 4845.

4.4.5 Antibodies to LPS

The production of antibodies to LPS proved difficult, particularly the production of
monoclonal antibodies. This may be due to difficulties raising a good immune
response to LPS molecules. Adjuvants are used primarily to influence the titre and
duration of an antibody response. However, they are also able to induce subtle

variations in immune responses and influence the specificity of antibodies. It was
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thought that the use of different adjuvants might promote the production of IgG
antibodies to LPS (Hunter, R.L., Olsen, M.R. ef al. 1995). The LPS of Gram negative
bacteria can itself act as an adjuvant as it is known to function as a B cell mitogen
(Allison, A.C. 1979). Mitogens are agents which activate many clones of T and B
cells irrespective of their antigen specificity. This mitogenic activity is due to the
lipid A moiety, which is thought to interact with the plasma membrane resulting in a
cellular activation signal through as-yet-unknown mechanisms (Louis, J.A. and

Lambert, P. 1979; Kuby, J. 1992).

Immunisation with LPS alone gave a poor response, mainly of IgM isotype
antibodies with a low titre of IgG, antibody. This was to be expected as the normal
antibody response to polysaccharide antigens in the mouse is IgM and IgG;,
(Hadjipetrou-Kourounakis, L. and Moller, E. 1984). The use of Alhydrogel™ as an
adjuvant with LPS appeared to increase the levels of IgG; antibody, whilst the IgM
antibody titre was similar as using LPS alone. In mice, aluminium adjuvants are
reported to stimulate [gG, and IgE responses but do not stimulate IgG,, However,
they are unable to provide a good immune response against T-independent antigens

such as polysaccharides.

The presence of IgE was not investigated, and it is possible that the titres of IgM and
IgG, were the natural response to LPS immunisations enhanced slightly by the effect
of adjuvant (Lindblad, E.B. 1995). LPS in Titremax® adjuvant gave low antibody
titres overall, but they were evenly spread over the IgG subclasses, and the titre of

IgM antibody was very low. Titremax® is reported as having been developed for use

216




in antibody production and is designed to stimulate all subclasses of IgG in mice

comparable with the use of FIA (Bennett, B., Check, L. et al. 1992).

Overall titres with Titremax® were lower than those obtained with FIA, however, it
was recommended by the manufacturers that Titremax® be administered
intramuscularly whilst the FIA emulsion was given by intraperitoneal injection.
Intramuscular injections in mice proved very difficult and it is possible that the
Titremax® group received lower doses than the other groups. Use of the adjuvant
FIA gave high titres of 1gG, and IgG, and gave the highest overall titres of all the
groups. FIA is known to induce predominantly IgG, antibodies in Balb/c mice
(Kenney, I.S., Hughes, B.W. ef al. 1989), but both FIA and Titremax® produced
titres of IgG, which is slightly surprising. This may be due to th¢ powerful
:mmunomodulatory effect of LPS and the natural immune response to polysaccharide

antigens.

B cells recognise soluble antigen when it binds to their membrane bound antibody.
Because the antigen is free in solution , the epitopes recognised tend to be accessible,
hydrophilic sites on the surface of the immunogen (Kuby, J. 1992). It is possible that
the LPS formed a suspension and was not freely available to the B cells so that low
levels of specific antibody were produced. Polyclonal activation of B cells non-
specifically by LPS could explain why the majority of hybridoma clones produced

during the monoclonal fusions were not positive for the immunogen.
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Two of the monoclonal antibodies produced (BA2 and LF7) were to protein antigens,
probably present in the immunising preparation as contaminants, so it is likely that
the mice reacted to these low level contaminants producing an immune response.
This is confirmed in Figure 45, which shows serum from an LPS immunised mouse
reacting with proteins present not only in B. pseudomallei and B. mallei but also in

other closely related bacterial species.

BA2, which bound to a 14-21kDa protein, only recognised 12 of the 22 strains of B.
pseudomallei tested. The ten strains not recognised by BA2 do not appear to be
linked in any way. Six out of ten are soil isolates, two being the avirulent arabinose-
positive strains, two are human isolates and two are unknown. BA2 shows
recognition of only a single B. mallei strain of the ten tested. It would appear that the
14-21kDa protein is not present in the majority of B. mallei strains and therefore has
the potential to discriminate between the species. However, given that it is only
found in approximately 50% of B. pseudomallei strains, the potential use as a antigen

for detection assays is limited.

LF7, binds to a 31-45kDa protein, and recognises 10 of the 20 B. pseudomallei
strains tested. Again there appears to be no pattern in the recognition. LF7
recognises both the avirulent arabinose-positive isolates but does not recognise other
environmental isolates such as E38. LF7 also does not recognise recent clinical
isolates such as 204 and 576. LF7 shows clear recognition of four of the ten B.

mallei strains tested and borderline recognition of one B. mallei strain. It appears
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that this 31-45kDa protein is distributed throughout the two species but is not present

in every strain of the two species.

The two monoclonal antibodies produced which do recognise LPS, reveal some
differences in the LPS profiles of typical and atypical strains of B. pseudomallei. The
atypical LPS appears in only a small number of strains but would appear to be
antigenically different to the typical LPS profile. Polyclonal serum from animals
immunised with the typical LPS does not recognise the atypical LPS in western
blots. Preliminary studies carried out with the monoclonal antibody, HC9, also
supports this theory. Further studies will need to be carried out to further

characterise the binding of HC9.

B. mallei LPS and the typical B. pseudomallei LPS appear to share common epitopes
and although it is possible that these LPS molecules are not identical the current
evidence would appear to suggest that the two molecules are very similar. It is
unknown whether B. mallei LPS contains the two side chains O-PS I and O-PS I
found in B. pseudomallei. The monoclonal antibody CC6, binds to both B.
pseudomallei and B. mallei strains but with varying effectiveness. This variability
may be due to differences in the amounts of total LPS in strains, a difference in the

proportions of the two side chains or to differences in structure.

4.4.6 Properties of the LPS from B. pseudomallei and B. mallei

The LAL assay gives some indication of the endotoxin activity of each of the LPS

preparations. The atypical LPS of B. pseudomallei showed higher activation of the
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LAL assay than the typical B. pseudomallei LPS. The endotoxin activity of the B.
mallei LPS appeared very similar to that of the typical B. pseudomallei LPS. This
similarity is, perhaps, not surprising, given the visual and immunological similarity
between these two LPS preparations. However, when compared with the control LPS
from E. coli the activity of both types of B. pseudomallei LPS and the B. mallei LPS

were low.

The endotoxicity of B. pseudomallei LPS has been reported as lower than that of
other Gram negative bacteria (Matsuura, M., Kawahara, K. et al. 1996). It is thought
to be comparable with the endotoxicity of the LPS of P. aeruginosa, and to cause a
loss in body weight in laboratory mice. It is thought that the elevated temperatures
found in clinical cases of B. pseudomallei infection may be due to endotoxin
although other factors may also be involved. The endotoxic portion of P. aeruginosa
LPS is significantly less toxic than that of E. coli and Salmonella typhimurium and
differs in the structure of the lipid A. Although P. aeruginosa lipid A is less toxic
than that of enteric bacteria, it is sufficiently toxic in humans to have precluded the

widespread use of LPS-based vaccines (Goldberg, J.B. and Pler, G.B. 1996).

4.4.7 Use of anti-LPS antibodies in detection and diagnosis

It has been reported that an IgM monoclonal antibody (5F8) to the LPS of B.
pseudomallei was both specific and sensitive when used in immunofluorescence, and
reacted with 56 different isolates in ELISA (Rugdech, P., Anuntagool, N. et al.
1995). It is assumed that this monoclonal antibody was screened against B.

pseudomallei strains with typical LPS profiles and it is unknown whether it would
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detect those strains with atypical profiles. The monoclonal antibody was found not
to cross-react with other organisms such as B. cepacia, but the reactivity with B.
mallei was not tested. It is likely that the similarity in profiles between B. mallei and
B. pseudomallei LPS would cause cross reactivity.

LPS antigens have been used in ELISA to detect anti-B. pseudomallei LPS
antibodies in clinical cases of infection. It was found to be sensitive and specific and
to compare favourably with other published diagnostic tests (Petkanjanapong, V.,

Naigowit, P. et al. 1992).

4.4.8 Use of LPS as a vaccine candidate

Antibodies raised against tetanus toxoid-conjugated O-antigen were used passively to
immunise diabetic rats (Bryan, L.E., Wong, S. et al. 1994). Administration of
partially purified antibody at the time of infection gave high levels of protection in
this model. The mechanism of protection is not known but the authors suggest it
could be due to enhanced phagocytic activity. It has been suggested that this
conjugate represents a potential vaccine candidate, however, one potential problem
with vaccines developed from LPS is toxicity. The authors expect toxicity to be low
but elevated temperatures were noted in animals used for the production of
antibodies. Pyrogenicity would be expected unless the vaccine could be adequately
purified, removing contaminating LPS to below detectable levels (Bryan, L.E,

Wong, S. et al. 1994).
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A protective monoclonal antibody recognising O-PS II has been found to enhance
phagocytic killing in the presence of complement and it is thought that anti-LPS
antibodies may play an important role in the initial clearance of the organism (Ho,

M., Schollaardt, T. et al. 1997).

Passive protection has also been demonstrated using antibodies to the purified
flagellin protein of B. pseudomallei. It has therefore been proposed that a conjugate
molecule made up of the polysaccharide moiety from B. pseudomallei LPS and the
flagellin protein would incorporate two protective antigens from the same organism.
Initial studies have shown these conjugates to be immunogenic, producing high

antibody titres and are expected to be protective (Brett, P.J. and Woods, D.E. 1996).

Polysaccharide vaccines are in use for organisms such as Haemophilus influenzae
type B (Hib), Neisseria meningitidis, Streptococcus pneumoniae and Salmonella
typhi (Salisbury, D.M. and Begg, N.T. 1996). However, polysaccharide antigens are
poorly recognised by macrophages and T-cells in the immature immune system, so
specific antibodies are not generated nor can the response be boosted (Anon 1993b).
Modern Haemophilus influenzae type B vaccines rely upon linkage of a protein (such
as diphtheria and tetanus toxoids) to enhance immunogenicity in the very young

(under 18 months) (Anon 1993a).
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Adverse reactions to the Hib vaccine are reported as local and mild, and reactions
with typhoid polysaccharide vaccine are halved compared to the whole cell vaccine.
The potential of polysaccharide vaccines is limited only by their ineffectiveness in
young children and in the case of B. pseudomallei this may be overcome by the

conjugation of the O-polysaccharide to the flagellin protein.
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5. Production of single chain antibodies (scFv)

5.1 Introduction

5.1.1 Antibody engineering

Antibodies are universally used as research and diagnostic tools and any
improvement in the methods used to generate them would be useful. As the structure
of antibodies has been identified, ways of engineering and manipulating antibody
structure in order to produce smaller fragments and to change the specific affinity or
avidity of the antibody have been investigated (Garrard, L.J., Yang, M. et al. 1991).
These engineered antibodies have a number of applications in both therapy and in the
identification of biological agents. The ability to produce antibody fragments in
bacterial and other novel expression systems enables these antibody fragments to be
produced and purified in large quantities, eliminating the need for expensive and time
consuming animal work or cell culture. The technique also has the potential of
producing an enormous repertoire of antibody specificities without the limitations of
immunisations and hybridoma technology that complicate the production of

monoclonal antibodies (Hozumi, N. and Sandhu, J.S. 1993).

5.1.2 Antibody fragments

The structure of an IgG molecule is shown in Figure 6. Proteolytic cleavage of
antibodies with papain or pepsin yields three types of antibody fragment: Fab, Fc or

F(ab),. F(ab), fragments are two Fab fragments linked by the hinge region and the
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disulphide bonds (Figure 55). These fragments have been vital in determining the
structure and function of the immunoglobulin molecule. The Fab region is
concerned with binding to antigen, while the Fc region mediates effector functions
such as complement fixation, monocyte binding and placental transmission (Kuby, J.
1992). The variable domains of the heavy (V) and light (V) chains associate tightly
as an Fv fragment and bind to antigen with similar affinity to that of the parent

antibody (Skerra, A. and Pluckthun, A. 1988).

Genetic manipulation techniques been developed to produce Fab fragments by
cloning the genes that encode for the variable and the first constant domain of the
heavy and light chains into an expression vector and expressing the fragments in E.
coli. Single chain antibodies are novel recombinant polypeptides, composed of the
V,, and the V, amino-acid sequences. To allow expression of both domains on the
same polypeptide and to stabilise the fragment, they are joined by a flexible linker
(Gly,-Ser),. The resulting antibody fragments are known as single chain antibodies
or scFv (McCafferty, J., Griffiths, A.D. ef al. 1990; Bird, R.E., Hardman, K.D. er al.

1988).
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Figure 55. Types and structures of antibody fragments.
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5.1.3 Generation of scFv DNA

Material for the production of scFv may be obtained from a mouse immunised in the
normal way for the production of monoclonal antibodies. The spleen is removed and
snap frozen in liquid nitrogen before the messenger RNA is isolated and used as a
template to produce cDNA. The c¢DNA is then used as a template for PCR
amplification of the Vyand V, domains. Specific primers have been designed for the
amplification of mouse V; and V, genes and have been shown to generate a diverse
library when used to prepare a repertoire of antibodies from an immunised mouse.
Single chain antibody DNA is then produced by ligating the V, and V, domains

together, followed by further amplification (Krebber, A., Bornhauser, S. et al. 1997).

Alternatively a hybridoma cell line may be used as a source of RNA. The RNA is
then used to produce ¢cDNA and amplified using the same primers. Monoclonal
antibody cell lines often contain more than a single heavy and single light chain
sequence. Up to 10 different scFv clones have been obtained from a single

monoclonal cell line (McCafferty, J., Hoogenboom, H.R. et al. 1996).

5.1.4 Phage display libraries

To allow large repertoires of antibody affinities to be cloned and produced in E. coli,
a method was developed to produce the antibody fragments as fusion proteins with
phage outer coat proteins. The scFv DNA is cloned into a phagemid vector at the N-
terminal region of the gene III protein. Phagemids are plasmids that can be packaged
into phage particles, but require the use of helper phage. The gene III protein 1s

normally expressed at the tip of the phage (about three copies per virion) and 1s
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responsible for attachment of phage to the bacterial F pilus. Phage express
recombinant antibody fragments as a fusion protein with the gene III protein on the
tip of the phage. The use of helper phage also reduces the valency of the gene III
protein and so the phage particles then display a single (or possibly none)
recombinant antibody fragment and are termed monovalent (Krebber, A,
Bornhauser, S. et al. 1997; Hoogenboom, H.R., Marks, J.D. er al. 1992). Figure 56

shows the sequence of events used to clone and express scFv DNA in E. coli.

Phage displayed antibodies can be purified from mixtures of other phage using
antigen bound to a solid surface, binding to biotinylated antigen or using a column
matrix. These methods can select for high-affinity antibody fragments by limiting the
amount of antigen available. Phage bound to a solid surface are eluted by dropping
or raising the pH resulting in an enriched phage suspension. By growing the
enriched phage and carrying out further rounds of selection, enrichments ofuptoa
millionfold can be obtained. Even when enrichments are low, several rounds of
selection can lead to the isolation of rare phage particles (McCafferty, J., Griffiths,
AD. et al. 1990; Hawkins, R.E., Russell, S.J. er al. 1992; Hoogenboom, H.R,,

Marks, J.D. et al. 1992).

5.1.5 Advantages of antibody fragments

Single-chain antibodies are expected to have advantages in clinical applications
because of their small size. These proteins should be cleared from serum faster than
monoclonal antibodies or Fab fragments and because they lack the Fc region of an

antibody they should be less immunogenic. Single chain antibodies are likely to be
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utilised in applications which currently use monoclonal antibodies such as
immunotherapy, purification, detection and diagnosis (McCafferty, J., Griffiths, A.D.

et al. 1990).

In principle the use of phage display libraries from naive antibody genes might allow
antibodies to be made entirely in vitro: higher affinity variants might be made by
random mutation of the genes, so by-passing the need for immunisation
(Hoogenboom, H.R., Griffiths, A.D. ef al. 1991; Duenas, M., Chin, L.T. et al. 1996).
Libraries can be constructed from unimmunised blood donors and antibody
engineering techniques used to produce human antibodies. This could be of
considerable importance in the production of therapeutic human monoclonal
antibodies (Marks, J.D., Hoogenboom, H.R. ef al. 1991). The production of human
recombinant antibodies could widen the use of immunotherapy, a technique presently
limited by the use of murine or humanised antibodies. Production of human
monoclonal antibodies has been limited by the absence of a reliable fusion partner
and the use of peripheral blood Iymphocytes as partners. The obvious inability to
immunise the human has also limited the potential of the technique (Matthews, R.C.

and Burnie, J.P. 1994).

5.1.6 Aims

The production of monoclonal antibodies to the LPS of B. pseudomallei and B.
mallei proved difficult using conventional methods so it was decided to attempt to
produce B. pseudomallei reactive single chain antibody fragments using antibody

engineering.
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Figure 56. Flow diagram depicting the construction of a phage library.
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52 Production of single chain antibodies from a spleen library

5.2.1 Antibody activity

The serum obtained from the mouse prior to splenectomy was screened for specific
antibody activity by titrating the serum against immobilised B. pseudomallei NCTC

4845. Figure 57 shows that the levels of specific antibody present in the serum were

not high.
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Figure 57. Antibody levels present in the serum of the mouse used to produce

the spleen library.
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5.2 Extraction of total RNA, mRNA and production of c¢DNA

The source of total RNA for the production of single chain antibodies was part of the
spleen from a mouse immunised with LPS from B. pseudomallei NCTC 4845 (see
section 2.5.1 for immunisation schedule). Total RNA was extracted using the
RNeasy Maxiprep kit according to the manufacturers instructions. RNA yield was

quantified using the Genequant spectrophotometer (Amersham Pharmacia Biotech).

Yield of total RNA: Approximately 1ml at 491.1pg/ml
Ratio 260:280: 1.236

Protein content: 6.1mg/ml

The ideal 260:280 ratio is 1.5-1.9. However, the high level of contaminating protein

meant the ratio was lower than ideal.

1pg of total RNA was then used for the purification of mRNA using the Oligotex
mRNA purification kit. The yield from the purification was again quantified using

the Genequant spectrophotometer.

Yield of mRNA: Approximately 40pl at 41 6pg/ml

Ratio 260:280: 1.302

Protein content: 0.4mg/ml
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Again the 260:280 ration was below ideal (1 .8-2.0) but this was probably due to the
quality of the total RNA starting material.

1pg mRNA was then used to synthesise single stranded cDNA using the Amersham
¢cDNA synthesis kit. 5pl samples of total RNA, mRNA and ¢cDNA were then
analysed by agarose gel electrophoresis (Figure 58). Total RNA was seen as three
bands and mainly made up of ribosomal RNA. The mRNA was seen as a blur and
the cDNA was just visible as a faint blur on the gel, but is not really apparent in the

photograph.

5.2.3 Amplification of immunoglobulin heavy and light chain DNA

The cDNA was used as template for the amplification of heavy and light chain DNA
using the VHfor, VHback, VLfor and VLback primer mixes given in section 2.6.5.
These primers incorporate the linker sequence which will be used to ligate the heavy
and light chains together to form scFv DNA. Four assays were conducted for each
chain. PCR products were analysed by agarose gel electrophoresis in low melting
point agarose so the 300-350bp band could be excised and purified using the Qiagen
gel extraction kit (Figure 59). Quantification of purified DNA was carried out using

the Genequant spectrophotometer.

Yield of heavy chain DNA: Approximately 30pl at 49.2pg/ml

Yield of light chain DNA: Approximately 30u] at 169.5pg/ml
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Figure 58. Agarose gel electrophoresis of total RNA, mRNA and ¢DNA
preparations from the spleen of a mouse which had been immunised with LPS

from B. pseudomallei NCTC 4845.
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4 c¢cDNA
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Figure 59. Agarose gel electrophoresis of PCR products from the amplification
of immunoglobulin heavy and light chains from ¢DNA. Both bands are
approximately 300bp.
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5.2.4 Ligation of heavy and light chains to form scFv DNA

PCR was used, first without primers to ligate the two chains together via the linker
sequence and then using the scfor and scback primers (section 2.6.7) to amplify the
scFv DNA. PCR products were again analysed by agarose gel electrophoresis. The
scFv band at approximately 750-800bp was excised (Figure 60), purified and
quantified using the Genequant spectrophotometer (Amersham Pharmacia Biotech).

The yield of DNA after purification was approximately 60ul at 37.5ug/ml.

5.2.5 Digestion with Sfil

lug of scFv DNA was then digested with the restriction enzyme Sfil to create the
sites for ligation into the vector pAK100. After digestion the DNA was cleaned
using a PCR product clean-up kit and a small aliquot analysed by agarose gel
electrophoresis. The phage display vector pAK100 was also digested with Sfil,
which removes a 2kb fragment from the vector. A faint band of scFv was obtained at

approximately 800bp and the product used in the subsequent ligation step.

5.2.6 Ligation of scFv into pAK100 and transformation into E. coli

The Sfil-digested scFv DNA was ligated with Sfil-digested pAK100. Suitable
controls were included: uncut vector only, cut vector only and cut vector plus the
excised pAK100 2kb fragment. After overnight incubation at 16°C these ligations
were then transformed into E. coli XL1-Blue cells using the Stratagene
transformation kit and plated out onto 2YT plates containing 30pg/ml

chloramphenicol, 10mM MgSO, and 1% glucose.

236




The results of the transformations are given in Table 24. The controls worked well
with low numbers of colonies on the cut vector control. This gave some indication of
the background number of unligated colonies. The number of colonies on test plates
was estimated by counting the number of colonies in one eighth of plate number 4,
multiplying by eight to give the number of colonies per plate and by five to give the
total estimated number of colonies in the whole library. The estimated number of
colonies per plate was 4800 which gave a total number of colonies of 25000.
Therefore, the number of clones obtained from PCR amplified scFv DNA from a

mouse spleen was approximately 2.5 x 10* clones.
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Figure 60. Agarose gel electrophoresis of PCR product from the ligation and

amplification of scFv DNA. The product is approximately 800bp.
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Experiment No. of colonies Results
per plate
E. coli cells only No colonies No chloramphenicol resistance
from pAK100
Uncut vector only >1000 colonies Transformation successful
Cut vector only 7-10 colonies gives an indication of the

Cut vector + 2Kb insert >1000 colonies

scFv plates (nos. 1-5) >1000 colonies

background number of unligated

colonies

Ligation reaction worked

colony  counts gives  an

indication of the library size

Table 24. Results of transformations into E. coli XLI-Blue.

239




5.2.7 Library verification

Individual colonies picked before harvesting the library were grown up and used for
PCR amplification of the 800bp scFv DNA (Figure 61). The resulting PCR products
were all smaller than 800bp (100-300bp). Further verification was carried out be
doing plasmid preparations on six of the random clones followed by digestion of the
plasmid with SAI (Figure 62) and BstNI restriction enzymes. The PCR products from
the scFv amplification were also subjected to digestion with BstNI (Figure 63). The
results indicated that only small fragments of DNA (100-300bp) had been cloned
rather than whole 800bp scFv fragment. However, in total only 48 random clones
were screened, which represents only 0.002% of the estimated total number of clones
in the library, so it was decided to continue with panning and screening for any

specific scFv antibodies.
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Figure 61. Agarose gel electrophoresis of PCR product from the amplification of

the 800bp scFv from 16 randomly selected clones after transformation.
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Figure 62. Agarose gel electrophoresis of products from Sfil digestion of

plasmid prepared from 6 random clones
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Figure 63. Agarose gel electrophoresis of products from BstNI digestion of

plasmid and PCR products from 6 random clones.
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5.2.8 Panning

Panning was carried out against immobilised B. pseudomallei NCTC 4845. The
library was grown overnight to produce phage which was then allowed to bind to
immobilised cells of B pseudomallei NCTC 4845. Bound phage was eluted and then
used to reinfect E. coli XLI-blue. The first round of panning yielded approximately
100 individual clones. Twenty three clones were picked at random and PCR was
carried out to amplify the plasmid-cloned DNA. Twenty one of the twenty three
clones contained an 800bp insert (see Figure 64). The PCR products from eight of
the twenty one clones containing an 800bp insert were digested with BstN1. Agarose
gel electrophoresis of the digests showed some variation in pattern which indicated

sequence variation between the different clones (Figure 65).

The 100 individual clones were screened in ELISA against B. pseudomallei NCTC
4845 and against BHK cell extract as a negative control. There appeared to be non-
specific reactivity against the BHK negative control but no activity towards B.
pseudomallei cells. The eluted phage from the first round was subjected to two
further rounds of panning to continue the enrichment process. Clones were again
isolated from these subsequent rounds and were found to contain the 800bp insert by
PCR (Figure 66). BstN1 digests, however, showed the footprints to all be the same
(Figure 67). It is likely that a single clone type was selected during the first round of
panning which is not specific to B. pseudomallei and that the further panning rounds

have only enriched the phage preparation for this one particular clone type.
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Figure 64. Agarose gel electrophoresis of PCR product from the amplification of

the 800bp scFv insert from nineteen of the random clones obtained in the first

round of panning.
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Figure 65. Agarose gel electrophoresis of the products from BstNI digestion of

some of the PCR products in Figure 64.

Lane Sample
1 Molecular weight markers
2-9 BstNI digestion
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800bp

Figure 66. Agarose gel electrophoresis of PCR product from the amplification
of the 800bp scFv insert from clones obtained in second and third round

panning.
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1 Molecular weight markers
2 Negative control
3-17 scFv amplification
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Figure 67. Agarose gel electrophoresis of products from BstNJ digestion of some

of the PCR products from Figure 66.
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5.2.9 Sequencing

Plasmid was isolated from two of the clones (B2 and ES5) from the first round of
panning for use in DNA sequencing. Samples from both clones were analysed by
agarose gel electrophoresis, but bands were only seen in the first sample (Figure 68).
Insert DNA from clone B2 was sequenced twice using the scFv primers, scfor and

scback.

The results of the sequencing were analysed and the two sequences were found to
align. Comparison of the aligned sequence with others in the GenBank Sequence
database showed a high degree of homology with both mouse immunoglobulin
variable region sequences and with other single chain antibody sequences. These
results would suggest that DNA encoding scFv has been incorporated into the library

but that the resulting scFv produced are not recognising B. pseudomallei.

5.3 Production of scFv from antibody secreting monoclonal

hybridoma cells

5.3.1 Isolation of mRNA

Monoclonal hybridoma cell lines can also be used as a source of mRNA for the
production of single chain antibodies. 4VH7 was produced in the first round of
fusions using the spleen of a mouse immunised with heat inactivated cells of B.
pseudomallei NCTC 4845, BA2 was produced from the spleen of a mouse
immunised with LPS from B. pseudomallei NCTC 4845. The cell lines BA?2 and

4VH7 were cultured and used to isolate mRNA. Messenger RNA was extracted
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using the Quickprep Micro mRNA purification kit, resuspended in 10p] RNAse-free
water and the concentration was estimated using the Genequant spectrophotometer

(Amersham Pharmacia Biotech) (Table 25).

Cell line  Total number of  Approximate Ratio 260:280  Protein content

cells used yield of mRNA (mg/ml)
BA2 4x10° 219ug/ml 1.0 4.3
4VH7 1.3x10° 294ug/ml 1.4 2.4

Table 25. Results of the extraction of mRNA from the hybridoma cells BA2 and

4VH7.
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Figure 68. Agarose gel electrophoresis of plasmid DNA produced for

sequencing.

Lane Sample
1 Molecular weight markers
2 Plasmid from clone B2
3 Plasmid from clone ES
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5ul of each mRNA preparation was then used to synthesise single stranded cDNA
using the Amersham cDNA synthesis kit. The yields were low and the quality of the
mRNA may also be low, as indicated by the 260:280 ratio. This may be due to the
small numbers of cells used. Although the minimum number of cells for use in a
single extraction is given as 10, the procedure may work better with a larger number

of cells.

5.3.2 Amplification of immunoglobulin heavy and light chain DNA

The cDNA was used as template for the amplification of heavy and light chain DNA,
as in section 5.2.3. PCR products were analysed by agarose gel electrophoresis in
low melting point agarose and the 300-350bp band excised and purified using the
Qiagen gel extraction kit (Figures 69 & 70). Quantification of purified DNA was

carried out using the Genequant spectrophotometer.

Cell line Yield of heavy chain DNA Yield of light chain DNA
BA2 30ul at 12pg/ml 30pl at 37pg/ml
4VH7 30ul at 30pg/ml 30ul at 40pg/ml

Table 26. Yields of immunoglobulin heavy and light chain DNA after

purification.
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