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Abstract—The purpose of this work was to obtain genus-specific monoclonal antibodies against the Legio-
nella spp. recombinant PAL protein, which will subsequently allow to use them as a basis for the development
of new express tests for pathogenic legionella detection. A short three-week immunization protocol for Wistar
rats was used to generate rat—mouse heterohybridomas producing antibodies against PAL. Mouse myeloma
cell line Sp2/0-Agl4 served as the fusion partner. Hybridization was performed using two methods: PEG-
mediated fusion and electrofusion. Subsequent screening was performed by indirect solid-phase ELISA
against the target protein rPAL. Specificity analysis was performed by dot-blot using a panel of lysates
obtained from 39 pure cultures of different strains, which included closely related and heterologous microor-
ganisms among others. No difference in the efficiency of stable hybridoma clones production by the two indi-
cated cell-fusion methods was detected. Twelve clones producing specific rat monoclonal antibodies were
obtained based on the screening results. The obtained rat monoclonal antibodies are highly specific towards
the PAL protein of L. pneumophila of different serological groups and other pathogenic legionella and are
good candidates to be used as the components of diagnostic test systems for the detection of pathogenic rep-
resentatives of the Legionella genus.
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INTRODUCTION

According to different sources, Legionnaires’
pneumonia constitutes from 0.5 to 16% of all cases of
all lower respiratory tract infections [1]. The members
of the genus Legionella are stable in the environment
and are able to colonize aquatic systems, including
artificial ones. Being facultative intracellular parasites,
L. pneumophila bacteria carry considerable risks of
severe illness, especially in immunocompromised
patients, elderly people, and people with concomitant
respiratory diseases and risk factors [2]. A significant
proportion of pneumonia cases in the Russian Feder-
ation, including lethal cases, have unknown etiology,
which may be due to the use of inadequate diagnostic
methods [3]. Nevertheless, the identification of the
etiological agent in pneumonia, especially in the case
of severe course, is essential for choosing an effective
antibiotic therapy and treatment strategy, with fluoro-
quinolones and macrolides being the only drugs of
choice with proven efficacy against the Legionella
genus [2, 4].

Currently, it is recommended that all patients diag-
nosed with pneumonia undergo a microbiological
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examination of their respiratory-tract secretions,
causative-agent DNA detection, and monitoring of
specific immunoglobulins over time, as well as rapid
tests for pneumococcal and legionella antigenuria.
However, a bacteriological test with isolation and
identification of the pathogen culture takes 4—5 days
on average, while a negative result for urinary legio-
nella antigen and legionella DNA does not exclude
legionellosis, since these tests are only validated for
legionella belonging to serological group 1. In addi-
tion, an increase in the anti-legionella antibody titers
is observed no earlier than 3 weeks after the infection
[5]. The main etiological agent of Legionnaires’ pneu-
monia is indeed L. pneumophila (up to 90% of cases),
and this group is prevailed by legionella belonging to
serological group I (at least 80% of cases [6]). The rep-
resentatives of other L. pneumophila serological groups
are considered to be pathogenic for human beings as
well. The disease is also caused by L. micdadei, L. long-
beacheae, L. dumoffii, L. bozemanii, and several other
pathogens [7].

Peptidoglycan-associated lipoprotein (PAL) is an
outer-membrane protein of Gram-negative bacteria,
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which, among other things, is responsible for the bac-
terial pathogenesis. The PAL protein is specific to the
Legionella spp. genus and can be used for both legio-
nella detection and immunoprevention [8]. PAL can
be detected in the urine of patients with Legionnaires’
pneumonia by immunochemical methods starting at
days 2—3 from the manifestation of the disease. Such
tests do not require the accumulation of bacteriologi-
cal material and can be performed rather quickly,
within a few hours [9, 10].

The aim of the present work was to obtain genus-
specific rat monoclonal antibodies (MAbs) against the
recombinant L. pneumophila PAL protein, which may
later be used as a basis for developing new rapid tests
for detection of pathogenic Legionella in urine sam-
ples from patients with suspected legionellosis disease.

MATERIALS AND METHODS

Production of Recombinant L. pheumophila
PAL Protein

The production of an expression construct, expres-
sion of the recombinant PAL protein (rPAL) in Esche-
richia coli cells, its isolation and purification were
described in previous works [11, 12].

Rat Immunization Protocol and Animal Selection
Jfor Splenocyte Production

The complete Freund’s adjuvant (Sigma-Aldrich,
United States) mixed with the PAL protein (initial
concentration 1 mg/mL) in a volume-to-volume ratio
of 1 : 1 was used as an antigenic emulsion to immunize
the laboratory animals. A dose of 150 pg of protein was
used to immunize a single animal. The antigen was
injected intramuscularly into the tailbase area of
young Wistar-line female rats (Scientific Center for
Biomedical Technologies of the Federal Medical and
Biological Agency, Andreevka Branch, Andreevka,
Russia). A booster dose containing the same amount
of antigen without the adjuvant was introduced
3 weeks after. The specific activity of the anti-rPAL
class G immunoglobulins contained in the serum of
immunized animals was measured by indirect solid-
phase enzyme immunoassay (ELISA). For this pur-
pose, blood was collected for the analysis from the
retro-orbital sinus of rats not earlier than 2 weeks after
the first immunization and 2 days after the second
one. Rat serum was tested against rPAL immobilized
in the wells of the immunological plate (1 pg/well).
Immunoglobulin binding to the antigen was detected
using goat antibodies against a whole rat IgG molecule
conjugated to horseradish peroxidase. The interaction
was visualized using chromogenic reagent tetrameth-
ylbenzidine (TMB; Thermo Fisher Scientific, United
States) and the optical density in the wells of the plate
was recorded using a microplate spectrophotometer at
a wavelength of 450 nm. Serum dilution with an opti-
cal density twice as high as in the negative control well
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were considered the threshold titer. Optical-density
records in the negative control were not higher than
0.15. Animals with the highest titers of specific anti-
bodies were euthanized on the third day after the sec-
ond immunization, and the spleen was removed.

Obtaining MAb- Producing Hybridomas

Rat splenocytes were obtained by rubbing the
spleen over a 100-pm nylon sieve (Fisherbrand,
United States) with further separation of the lympho-
cytic fraction in a Ficoll-Paque PLUS (GE Health-
care, United Kingdom) density gradient. The murine
myeloma cell line Sp2/0-Agl4 (ATCC, United States)
was used as a fusion partner. Hybridization was per-
formed using two methods, the classical Kohler and
Milstein technique involving PEG—DMSO solution
as a fusion agent [13] and electrofusion using a BTX
ECM2001 apparatus (Harvard Apparatus, United
States) and Model 453 microslides (BTX, United States)
in BTXpress Cytofusion Medium C (BTX, United
States). In both cases, splenocyte and Sp2/0-Agl4
myeloma cells were used in a 3 : 1 ratio. Equal amounts
of cells were used in both methods.

Electrofusion was carried out as follows: pre-elec-
troporation cell dielectrophoresis was performed at a
voltage of 50 V for 30 s, followed by two rectangular
pulses of 500 V each for 30 us (electroporation), fol-
lowed by postelectroporation dielectrophoresis at 50 V
for 30 s, with subsequent decay to zero in 9 s. After
electrofusion, microslides were left to rest for 30 min
at room temperature.

After fusion, cells were cultured in 96-well plates
without a feeder layer in DMEM medium (Sigma,
United States) supplemented with 20% fetal bovine
serum (HyClone, GE Healthcare, United States),
2mM L-glutamine (PanEco, Russia), 100 pug/mL
gentamicin (PanEco, Russia), and 1% hypoxanthine-
aminopterin-thymidine (HAT) solution (Gibco,
Thermo Fisher, United States). Selection on HAT
medium was carried out for 3 weeks with medium
replacement as it became acidic.

Screening of MAb-Producing Hybrodimas

Screening of cultural liquids from the wells of plates
containing hybrid cells was carried out by ELISA
against rPAL, starting from the tenth day after hybrid-
ization. To perform the screening, 100 uL of culture
liquid was taken from each tested well containing
hybridomas and transferred into the wells of the plate
containing rPAL protein immobilized on their surface.
Subsequent procedures were carried out as described
above. Each well containing prospective hybrid cells
was screened three times. Hybridomas from the wells
demonstrating stable or improving results in ELISA
were cloned using the limiting-dilutions technique.
The monoclonal nature of hybridomas in the culture-
plate wells was monitored visually using a microscope.
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Production of anti-rPAL class G antibodies was con-
trolled using ELISA as described above. Cloning was
performed at least than two replicates for each MAb
producer. Producer clones with consistently high opti-
cal density in ELISA and that were morphologically
homogeneous were selected in each case. All the
obtained clones were cultured with scaling, and the
strains of the obtained hybrids were cryopreserved.
The number of stable MAb-producing clones
obtained by rat splenocyte fusion with the murine
myeloma line was estimated in the case of each of the
two methods.

Measuring Specific Antibody Activity

The activity of the obtained MAbs was measured in
a dot-blot immunoassay. The assay panel included the
original target protein, as well as L. pneumophila
strains belonging to different serological groups and
other Legionella genus representatives, in addition to
strains of Gram-negative bacteria the PAL protein of
which was highly similar to that produced by Legio-
nella (according to the UniProt database), pneumonia
causative agents and bacteria causing urinary-tract
infections (see Table 1). All strains were obtained from
the State Collection of Pathogenic Microorganisms of
the State Scientific Center for Applied Microbiology
and Biotechnology. Suspensions of microorganisms,
initially prepared at a concentration of 10° microbial
cells (mc)/mL, were inactivated by boiling. Antigens
were applied to a Hybond ECL nitrocellulose mem-
brane (GE Healthcare, United Kingdom) using a Bio-
Dot microfiltration system (Bio-Rad, United States)
in an amount of 1 pg/spot (for protein antigen) or
10° mc/spot (for inactivated bacterial suspensions).
Membranes were blocked with nonfat lactose-free
milk. The membranes were then incubated in cultural
liquids obtained by culturing cloned MAb-producing
hybridomas in a monolayer. The binding of MAbs
from the cultural liquid with the targets on the mem-
brane was detected using goat antibodies against a
whole rat IgG molecule conjugated to horseradish
peroxidase. Binding was visualized with diaminoben-
zidine solution with added nickel and cobalt chlorides
(all from Sigma, United States).

RESULTS AND DISCUSSION

Choosing a rat model to produce antibodies against
rPAL has several advantages. First, the rat immune
system is more responsive to simple protein antigens
than the mouse system. Second, despite the lower effi-
ciency of cell fusion, obtained hybridomas remain stable
for years and rather rarely need to be cloned again [14].

Rats were immunized using a short protocol on the
assumption that, between weeks 2 and 3 after the first
injection, the production of specific class G antibodies
is at the highest level [ 15]. Anti-rPAL antibody titers in
different animals ranged from 1 :4000to 1 : 32000 2 weeks
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after immunization and from 1 : 8000 to 1 : 256000 after
3 weeks. Finally, three hyperimmune rats with anti-
body titers of at least 1 : 128 000 were selected out of six
animals.

Hybridization efficiency using different fusion meth-
ods at the initial stage was assessed on the basis of the
number of ELISA-positive wells containing hybridomas
10 days after fusion. The overall efficiency of electro-
fusion was 9.17%, while that of the PEG-DMSO
fusion technique was 16.46% [15]. After cloning, the
number of obtained stable producer clones was esti-
mated. As a result, 12 stable individual hybridoma
clones were obtained, with five of them having been
produced using electrofusion and seven using the
Kohler and Milstein method. These results cannot be
processed using statistical methods, due to the fact
that insufficient number of animals was involved in the
experiment.

All the obtained rat MAbs are highly specific
towards the target rPAL protein and interact with
varying degrees of intensity with all L. pneumophila
strains used in the panel, both reference and clinical
isolates, as well as with the representatives of other
Legionella spp. species (see Table 1). This can be
explained by the different levels of expression of the
target PAL protein in different strains. MAbs tend, but
in different ways, to interact with the other Legionella
Spp. representatives, suggesting that PAL protein has
structural differences within the Legionella genus. A
comparative analysis of the UniProt sequences most
similar to the original PAL antigen (P26493
(PAL_LEGPN)) showed that PAL proteins share
100% identity within the species and 71.2% identity
within the genus. All the obtained MAbs showed no
specificity towards any bacterial strain other than
Staphylococcus aureus, which is a predictable result, as
this species synthesizes membrane protein A, which is
recognized by all class G immunoglobulins [16].
Hence, false positives resulting from antibody interac-
tions with S. aureus cannot be completely ruled out in
any immunoassay.

Currently, only two test systems for Legionella
identification using monoclonal or polyclonal anti-
bodies are produced in Russia. The first one is an
immunochromatography test based on gold-labelled
antibodies against L. pneumophila 1 LPS of L. pneu-
mophila (a L. pneumophila 1 test strip, reagent kit for
rapid identification of legionellosis pathogen “L. preu-
mophila 1 Test strip” RZN 2013/742), and the second is
a latex test system based on antibodies against the
membrane protein p29 of L. pneumophila 1 (latex test
system LEGIONELLA PNEUMOPHILA serotype 1
reagent kit for rapid identification of Legionella pneu-
mophilia in a latex agglutination reaction, liquid, RZN
2013/1278 produced by the State Scientific Center for
Applied Microbiology and Biotechnology, Obolensk).
Immunoassay-based test systems for the detection of
legionellosis antigen in urine manufactured by Alere
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Table 1. Results of testing the specific activity of monoclonal anti-rPAL antibodies

Rat monoclonal antibody clones (mabPAL)

No Serological group
24 | 216 | 233 52 |510]|514| 6.2 | 6.3 | 6.23|6.48 |6.58]|6.75
1 |rRAL e I o [l Il e e el [l [ el B o o o e s
Legionella genus microorganisms
2 | Legionella pneumophila ssp. Serological ++ + ++ + ++ + ++ | ++ | ++ + + ++
pneumophila ATCC 33152 group 1
3 | Legionella pneumophila ssp. Serological ++ + ++ + ++ + ++ + ++ | ++ + ++
pneumophila ATCC 33215 group 6
4 | Legionella pneumophila ssp. Serological ++ + ++ + + + + + + + + +
pneumophila Strain Bloom- | group 3
ington ATCC 33155
5 | Legionella pneumophila ssp. Serological +++| ++ |+++| + |+ |+ [ A [+ ++ | +++
fraseri ATCC 33156 group 4
6 | Legionella pneumophila ssp. Serological +++| ++ | +++| ++ [+ [ A [ A | A |
pneumophila (Kaliningrad) group 1*
7 | Legionella pneumophila ssp. Serological +++| ++ |+++| + |+ |+ [+ [+ + | +++
pneumophila Belous (Pyzhma)| group 1*
8 | Legionella pneumophila 0146 | Serological ++ + |[+++| + ++ + + + ++ + + +
(Sochi) group 2—14*
9 | Legionella pneumophila 0225 | Serological +4++ | 4+ ||+ || || A || A A |
(Sochi) group 1*
10 | Legionella pneumophila Serological +4++ | | A || A | | [ | A [
439406 (St. Petersburg) group 1*
11 | Legionella pneumophila no. 13 | Serological +++| ++ [ +++ | || A || A [ A | |
(Rostov) group 1*
12 | Legionella pneumophila Serological +4+ |+ |+ |+ ||+ [+ + |+++
Ne1742 (Khabarovsk) group 1*

13 | Legionella longbeacheae ATCC 33462 +++ | + ++ + |+ || = — |+++] + +
14 | Legionella micdadei NCTC 11371 +++| — | +++| — — — — + — — — |44+
Heterologous microorganisms
15 | Acinetobacter baumannii 1401 — — — — - — — — — _ _ _
16 | Acinetobacter baumannii 1388 — — — — — — — _ _ _ _ _
17 | Burkholderia cenocepacia 1615 — — - — — — — — — _ _ _
18 | Burkholderia cepacia 1939 — — — — — — — — — — _ _
19 | Citrobacter freundii 1297 — — - - — — — — — _ _ _
20 | Enterobacter aerogenes ATCC 13048 — — — — — — — — _ _ _ _
21 | Escherichia coli 675 — — — — - — — — — _ _ _
22 | Escherichia coli O104:H7 (Germany) — — — — — — — — — — _ _
23 | Haemophilus influenzae ATCC 9006 — — — — — — — — _ _ _ _
24 | Klebsiella pneumoniae ATCC 700603 — — — — — — — — — _ _ _
25 | Moraxella catarrhalis ATCC 27853 — — - — — — — — _ _ _ _
26 | Morganella morganii 39(51) — — — — — — — — _ _ _ _
27 | Proteus mirabilis 46 — — - - — — — _ _ _ _ _
28 | Proteus vulgaris HX 19222 — — — — — — _ —_ _ _ _ _
29 | Pseudomonas aeruginosa 3016 — — — — — — — — — — _ _
30 | Pseudomonas aeruginosa ATCC 27853 — — — — — — — — — — _ _
31 | Pseudomonas stutzeri 903 — — — — _ _ _ _ _ _ _ _
32 | Salmonella enteritidis VOZ — — — — — - — — _ _ _ _
33 | Serratia marcescens MSU-5 — — — - — — — — —_ _ _ _
34 | Shigella dysenteria 4387 — — - - — — — — — — _ _

35 | Staphylococcus aureus MRSA 78/44 +++ | 4 |+ | | A | | A | A A | |
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Table 1. (Contd.)

No

Rat monoclonal antibody clones (mabPAL)

Serological group

24 | 216

233| 52 | 510|514 | 62 | 63 |6.23|6.48 |6.58|6.75

36 | Streptococcus pneumoniae ATCC 49619 — —
37 | Streptococcus pyogenes CA-2-09 — —
38 | Vibrio cholerae El Tor Inaba 118 IN — —
39 | Yersinia enterocolitica 237 — —
40 | Yersinia pseudotuberculosis 111 — —

+++ Intensively stained spot; ++ moderately stained spot; + hardly visible staining; — no staining. * Serogroup was identified using
the latex test system in the Legionella Pneumophila Serogroup 1 Test Reagent Legionella Latex Test and Legionella pneumophila
serogroups 2—14 Test Reagent series (Oxoid Ltd Basingstoke, Hampshire, United Kingdom).

Inc (USA) are also available, registered and used in
the Russian Federation: BinaxNOW Legionella Uri-
nary Antigen Card IC test and Binax Legionella Uri-
nary Antigen EIA ELISA test (FSZ 2008/02110). Both
test systems have been validated only for detection of
the L. pneumophila serogroup 1 antigen in urine.
Using the rat MAbs obtained in the present work (e.g.,
mabPAL 2.4 or 2.33), a diagnostic test system capable
of efficiently detecting not only L. pneumophila sero-
group 1, but also legionellas from other serogroups and
species, can be developed. Although the vast majority
of Legionnaires’ disease cases are caused by L. pneu-
mophila 1, other serogroups and species cause no less
severe pneumonias. It is important to detect a Legio-
nella infection at an early stage, regardless of the type
of legionella involved, since prolonged inefficient
antibiotic therapy aggravates the disease and increases
the chance of an unfavorable disease outcome.

A test system based on the obtained antibodies will
detect not only the most important L. pneumophila
serogroup 1, but also other Legionella species within
the genus. The literature data confirm this possibility
[8], but, in order to more accurately determine the
specificity of the obtained MAbs towards all Legio-
nella representatives, the collection of strains needs to
be extended to further investigate the specific activity
of the obtained MADbs.

CONCLUSIONS

In our opinion, both methods used to obtained
hybrid rat MAb-producing cells performed very well.
Although the classical PEG—DMSO-based fusion
method showed a comparatively higher fusion effi-
ciency at the initial stage (16.46% of positive produc-
tion wells vs. 9.17% positive wells after electrofusion),
the two methods demonstrated no significant differ-
ence in the final result expressed in the production of
stable clones producing specific MAbs.

The MAbs obtained in the present work apparently
have specificity towards different rPAL epitopes and,
for this reason, show different detection profiles in the
case of the test microorganism panel used. The com-
bination of mabPAL_2/4 and mabPAL_2.23 can suc-
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cessfully detect all the Legionella genus strains used in
the work, while mabPAL_6.23 may be used as a com-
plementary test to detect only the representatives of
the Legionella pneumophila species.
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