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ABSTRACT

Moncclonal antibodies (MAbs) against heat-killed Escherichia coliand Klebsiella oxytoca originating
from wastewater effluent were raised in BALB/C mice. The fusion was highly successful and three
hybridomas cloned were selected to study the affinity and specificity pattern of the MAbs. The MAbs
were found to react equally well with heat-killed and live bacteria when tested against their original
immunogens. The MAbs showed lower specificity towards environmentally isolated faecal bacteria
than a pure bacterial strain grown in the laboratory. A commercially obtained MAb showed the
same specificity pattern.
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INTRODUCTION

Limits for faecal coliform counts form the basis of most water quality guidelines and standards world-
wide. However, routine methodology based on biochemical and physiological selective culturing
techniques for the enumeration of faecal coliforms often fail to detect injured bacteria due to the
harsh selective conditions imposed on the stressed microorganisms. The same methods also allow
growth of non-faecal bacteria with similar selective biochemical patterns, thus giving a false indication
of faecal pollution. The available methods are also time consuming (up to 72h) and the biochemical
identification is relatively labour-intensive. Several rapid techniques have been developed in recent
years but most of these are lacking in specificity (Joret et al., 1989).

The use of immunoassays, especially with the introduction of the hybridoma technology and the
production of monoclonal antibodies (MAbs), offers a means for rapid and specific detection of
microorganisms in water. By using hybridoma technology the induction of a specific antibody
population can be achieved which can be immortalised to give a continuous source of MAbs with
an identical specificity and affinity pattern (Kohier and Milstein, 1975). A number of studies thus far
indicated the use of polyclonal and monoclonal antibodies for the detection of faecal bacteria as very
promising (Joret et al.,, 1989; Obst et al., 1989). However, the immunogens used in these were either
purified external constitutive protein of Escherichia coli outer membrane or the enterobacterial
common antigen (ECA).

In this study MAbs raised against heat-killed E.coli and Klebsiella oxytoca which originated from
polluted water were evaluated for their specificity and affinity, and for their ability to recognise and
detect faecal bacteria isolated from wastewater, river water, seawater and drinking water.
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MATERIALS AND METHODS

Faecal coliform bacteria from a treated effluent (humus tank effluent) were enumerated using the
membrane filtration technique and m-FC agar (APHA, AWWA and WPCF, 1989). Typical colonies
were isolated and identified using the APl 20 E method. Three heat-killed cultures (60 min at 60°C)
of identified isolates, including two isolates of E. coli (E1 and E2) and one isolate of K. oxytoca
(KLEB), were used for the immunisation of BALB/C mice (10° organisms/m¢, 0,5 m¢ per mouse).
Immunisation and fusion protocols were carried out as described by Kfir et al. (1985) but without
the use of Freund’s adjuvant for immunisation. Hybridomas producing antibodies against either E.
coli or K. oxytoca were identified by ELISA utilising a secondary anti-mouse immunoglobulin
conjugated to horse radish peroxidase (Bioclones, South Africa). Positive hybridomas were cloned
by limiting dilution and re-tested and grown for large-scale production of antibodies. MAbs were
purified by ammonium sulphate precipitation and sub-classes were determined by red cell
agglutination with specific antisera (Serotec). The MAbs were tested for their specificity for the
original immunogens and faecal coliform bacteria isolated from environmental samples. Cultures of
faecal bacteria originating from wastewater, river water, seawater and drinking water were isolated
and identified by means of the APl 20 E method before being used in specificity studies. A pure
laboratory E.coli strain was used as a positive control. A commercial MAb preparation (Chemicon
International) raised against a pool of four E. coli serotypes common to humans was also evaluated.

The affinity of the MADbs for live or heat-killed bacterial preparations was studied using ELISA
techniques.

RESULTS AND DISCUSSION
Monoclonal antibodies were successfully raised against environmentally isolated E. coli and
K. oxytoca bacteria as seen by the number of positive hybridomas produced (Table 1). The MAbs
produced showed a variety of mouse isotypes (Table 2). Three MAbs of the mouse isotype IgG and

IgM were studied for their affinity and specificity.

Table 1. Production of Monoclonal Antibodies*

Bacterial immunogen % Fusion % Positive hybridomas % Hybridomas frozen
E. col-E1 65 62 52
E. colrE2 61 46 70
Klebsiella 89 27 96

* all screening was done using heat-killed bacteria

Some of these MAbs showed higher specificity towards the original bacteria used as immunogen
while some recognised other E.coli or K.oxytoca isolates with higher affinity. The Kieb 1 clone
showed higher affinity and specificity to its original immunogen than the anti-E.coli MAbs.
Recognition of bacteria other than immunogens such as Salmonella and Pseudomonas was limited
for all three MAbs studied (Table 3). Live and heat-killed bacteria were recognised equally when the
original immunogens were studied (Table 4). Other studies indicated that MAbs produced against
heat-killed bacteria have lower specificity and sensitivity to live bacteria (Aydintug et al., 1989).
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Table 2. Cloning and Determination of Isotypes

Bacterial immmunogen Cloned hybridoma (x2)* MAb isotope
E. coli -1 Ela lgG.b

Elb igM

Elc IgA
K. oxytoca Kleb1 laG,

Kleb2 igM

* all hybridomas were cloned twice

Table 3. Evaluation of MAbs Specificity*

MAbs Bacterial sirain
Ps** E.coli-1 E.coli-2 Kleb*** Sal****
E1a 0,75 1,00 1,65 2,00 1,55
E1b 2,15 2,90 4,50 3,10 2,85
Kleb1 2,00 1,50 2,25 4,20 2,00

* Ratio to control, control- no antibodies added; ** - Pseudomonas aeruginosa, *** - Klebsiella;
**x* . Salmonella (poly 1, Group)

Table 4. Determination of Affinity of the MAbs to Live and Heat-killed Bacteria*

Monoclonal antibodies

Bacteria Anti-E1 Anti-E2 Anti-Kleb
Kleb 1,70 0.60 1,00
E1 1,70 1,20 0,63
E2 1,00 1.00 1.00

* - optical dénsity ratio (O.D.) = O.D.live bacteria/O.D.heat-killed bacteria

The MAbs produced in this study showed a specificity pattern similar to the commercially available
MAD. Only limited specificity and affinity were observed for environmentally isolated £.cofiand other
faecal bacteria were recognised by the MAbs produced in this study as well as the commercially
available MAb. The MADbs produced in this study showed higher affinity and specificity for their
original immunogens. Recognition and cross-reactivity of antibodies produced against E.colf with
Salmonella was previously reported (Pollack et al.,, 1989).

Due to the limited affinity and specificity.of the MAbs obtained in this study no further studies on the
production of a rapid detection kit were carried out. For such a detection kit a MAb with high affinity
and specificity to environmental isolates of E.coli is needed. The production of MAb with high
specificity only to E.coli has been challenged in reported literature. A panel of 8 murine MAbs
produced against heat-killed E.coli was shown to react with up to 20 heterologous Gram-negative
bacteria. It is suggested that antibodies produced against heat-killed bacteria target antigenic
determinants which may be cryptic in live bacteria, and that these antigenic determinants may only
be exposed after heat-treatment. Another explanation given is that the specificity expressed for
lipopolysaccharides on heat-killed bacteria differs from that of live bacteria (Aydintug et al., 1989).

Although specificity of the MAbs produced in this study was limited, equal recognition of heat-killed
and live bacteria was observed.
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Table 5. Evaluation of MAbs Affinity and Specificity to Environmental
Bacterial Isolates of Faecal Coliforms

Monoclonal antibodies

Environmental Isolated bacteria

samples Kleb1 Ela Com.
MAb*
Wastewater E.coli + + +
effluent K.pneumonia + + +
River water E.coli + + +
K.pneumonia + + +
Seawater E.coli + + +
E.coli + + +
Potable water K.pneumonia + + +
Ent.agglomerans + + +
Original E.coli +++ ++ ++
immunogen K oxytoca +++ ++ ++

* _ commercial anti-E.coli, raised against a pool of 4 common human serotypes

CONCLUSIONS

The use of MAbs as a rapid tool for the detection of faecal coliform bacteria in water with special
reference to E.coli identification is questionable, unless antibodies with high affinity and specificity

towards E.coli become available. The production of such specific antibodies is questioned in
the literature.
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