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ABSTRACT

The chemolithoautotrophic bacteria, Ferrobacillus ferrooxidans and Thiobaci-
llus thicoxidans were identified according to their immunological and serological
properties.

The antibody to these organisms was easily elicited in experimental animals,
however, the overall serological reactivities were low according to different kinds
of titration methods. ‘

By means of the quantitive and qualitative analysis such as hemagglutination or
ouchterlony tests, F. ferrooxidans and 7T. thiooxidans were different in their
immunoreactivities, whereas the strains among the F. ferrooxidans were possessed,
in some extent, the sharing antigenic determinants.

In the results of the polyacrylamide gel electrophoresis/radioimmunometric method,
the major antigenic determinants of the organisms illustrated the type specificities

in the fraction number of 20-30 in their gel electrophoretograms with some modifi-

cations of the antigenic moieties.

INTRODUCTION

On the basis of morphological, physico-
chemical, and microbiological characteris-
tics, the chemolithoautotrophic bacteria
are divided into two genus Ferrobacillus
and Thiobacillus.

These groups are further subdivided
into several species with their properties.

Recently, these organisms are known
as an useful bacteria for the industrial
purpose particularly in the process on
bacterial leaching of low-grade ores such
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as copper (Woodcock, 1967) and uranium
(MacGregor, 1966).

However, the overall researches on
Ferrobacillus and Thiobacillus are not
much studied except the several studies
which have been reported on the metabo-
lism of phospholipid(Short, 1969), the
role of peptidoglycan(Wang, 1968) and
ultrastructure in these organisms(Taylor,
1969; Shively, 1973; and Murphy, 1974).

On the other hand, it is well known
that the classification of related organis-
method is a

ms with immunological
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Fig. 2. Double gel diffusion analysis for
antigenic identity between antisera to
each strains of F. Jerrooxidans(AFf-)
and 7. thiooxidans(ATt) with F. Serro-
oxidans strain 2(F{-2) antigen.

strain 2 and 3, showed that these antig-
€ns were very reactive and wide cross-
reactivities were observed in antisera to
F. ferrooxidans strain 2,3,4 and {5, whe-
reas the antiserum to 7. thiooxidans was
very weak in immunoreactivity (Figs.
2 and 3).

On the other hand, the whole bacterial
antigen from 7. thivoxidans was strongly
reactive to homologous, howerever, the
immunoreactivties between T thiooxidans
antigen and antisera to £ ferrooxidans
strains were weak, whereas they pos-
sessed small quantities of common anti-
genic substances by the process of immu-
nodiffusion analysis(Fig. 4).

The serological relationship was very
similar in F. ferrooxidans strains, how-
ever, F. ferrcoxidans and T. thivoxidans
were clearly different in their serological
specificities.

According to the results of hemagglut-
ination and ouchterlony test, the immuno-
reactivity between F. Serrooxidans and
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Fig. 3. Touble gel diffusion analysis for
antigenic identity between antisera to
each strains of F. Jerrooxidans( AFf-)
and 7. thiosxidans(ATt) with F. ferro-
oxidans strain 3 antigen.

T. thiooxidans were different clearly to
their homologous and heterologous  anti-
bodies.

Fowever, the seroiogical differences
between two ¢rganisms were expressed
as quantitatively in hemagg utination test

Fig. 4. Double gel diffusion analysis for
antigenic identity between antisera to
each strains of F, Serrooxidans(AFf-)
and 7. thiooxidans(ATt) with T. thio-
oxidans (Tt) antigen,
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at 37°C moisture chamber and let stand

further at room temperature.

4. Agar Gel Diffusion

lgm of purified agar(Difco, USA) was
dissolved in 100m/ of ¢.14M NaCl contai-
ning merthiolate(1 : 10, 000). The melted
and deaerated agar was dispensed glass
Petri dish.

The sonicated whole suspensions of F.
Jerrooxidans and  T. thiooxidans were
used as an antigen at the concentrations
of 10—15 mg protein per m/ with undi-
luted each antisera.

The double gel diffusion test was car-
ried out in moisture chamber at 37°C for
24hr and consecutively for 2 days at 4°C.

5. Polyacryiamide Gel Electrophoresis and

Radioimmunometric Analysis

The polyacrylamide gel electrophoresis
of the whole cells of F. ferrooxidans and
T. thivoxidans were performed according
to Takayama(1964).

The packed cells were lysed with phe-
nol : acetic acid : D.W. (2:1:1, w/v/v)
and 500pg protein per 0.1ml of samples
were subjected to electrophoresis.

The gel concentration was 7.5% and
10% acetic acid was used for running
huffer.

Electrophoretograms were stained with
amidoblack 105 and destained with 7%
acetic acid.

The polyacrylamide gel electrophoresis/
radioiinmunometric analysis was conduc-
ted and the overall procedure was illust-
rated in Fig. 1.

The antisera to F. ferrooxidans strain
2,3, and 7. thiooxidans were iodinated
with radioactive ' 1 (carrier free, KAE-
RI) by the method of chloramine-T
(Hunter and Greenwood, 1962).
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Fig. 1. Schematic representation of polyac-
rylamide gel electrophoresis/radioimmuno-
metric method

fslds with 0.14M NaCl and placed into
the screw cap test tube.

The unstained electropheretograms we-
re dipped into the screw cap test tube
and reacted for 16 hr at 4°C.

-After completed the immune reaction,
they were sliced into 40 fractions with
cutter and counted the radioactivity on
the well type y-counter.(Model EA-14,
Fujitsu, Japan).

RESULTS AND DISCUSSIONS

Table 1 and 2 record data concerned
with the titers according to the various
kinds of titration methods.

In the results of paper electrophoresis,
most of the antibodies to the who'e cell
homogenates of F. ferrocxidans strains
and T. thiooxidans were located mainly
in y-globulin of the antisera fractions.

The increment of the y-globulin of the
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useful tool because of its specificity and
accuracy.

In this point of view, Ferrobacillus
Sferrooxidans and Thiobacillus thivoxidans
are so similar in their characteristics,life-
cycles that the classification is difficult
and very obscure.

Furthermore, there has been no previ-
ous report on the identification of Ferro-
bacillus ferrooxidans or Thiobacillus thio-
oxidans with immunochemical and sero-
logical properties.

The present investigation deals with
the identification of Ferrobacillus ferra-
oxidans and Thiobacilius thiooxidans by
the immunological and radioimmunomet-
ric/polyacrylamide gel electrophoretic
methods which have been used in our
laboratory,

MATERIALS AND METHODS

1. Bacterial Strains and Growth

The chemosynthetic autolithotrophic
bacteria, i.e., Ferrobacillus ferrooxidans
(designated as F. ferrooxidans) and Thio-
bacillus  thiooxidans (designated as 7.
thiooxidans) were isolated from acid strip
mine effluents in Korea and identified
according to the method of Sutton and
Corrick (1961).

The bacterial strains of F. ferrooxidans
were designated as strain 2,3,4 and &,
respectively.

F. jerrooxidans and T. thiooxidans were
propagated in 9K and Waksman media
(Silverman, 1959; Waksman, 1992) in
20! carboy wunder forced aeration at
28°C for 5—6 days. The cells were har-
vested by centrifugation(I.E.C. B-20 cen-
trifuge, Rotor 872) at 9, 000rpm for 15min,
the resulting paste of cells were suspen-
ded in cold 0.14M NaCl and washed for
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3 times.

2. Preparation of Antisera and Titration

Antisera to the whole organisms of F.
ferrooxidans and T. thiooxidans were
raised in rabbits, weighing 2.0 to 2.5kg,
using 3 anima’s for each organism(anti-
gen).

Injections ¢f antigens with Freund’s
complete adjuvant were given intraderms-
ally, subcutanscusly and intramuscularly
at 10 days intervals for a month using
1.8 mgN of sonicated bacterial suspensions
for each injection.

The rabbits were bled by cardiac punc-
ture 10 days after the last immunization;
the antisera were collected, millipore fil-
tered, and stored at 60p°C.

The antibody titrations were done by
the procedures of paper electrophoresis,
agg.utination and hemagg utination tests,
described respectively in elsewhere.

3. Passive-Hemagglutination Test

The tests were performed according to
the method of Mergenhagen(1952).

Sheep erythrocytes were washed twice
with PBS, pH 7.2 and adjusted to 0. 5%
suspension,

The sensitization were carried out with
the whole bacterial suspensions(F. ferro-
oxidans and T. thiooxidans) in proper
dilution.

The mixtures were incubated at 4°C
for 16 hr. and afterward for 2hr. at 37°C.

The erythrocytes were washed twice to
remove excess antigen by centrifugation.

The hemaggliutination tests were done
with microtiter apparatus(Cooke Inst. Co.,
USA) ; portions(50 ul) of the 0.5% sen-
sitized erythrocyte suspensions were add-
ed to 50 @l portions of serial dilutions
of each antisera.

The mixtures were incubated for ohr
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Table 3. Comparisons of hemagglutination titer between homologous and heterologous

antisera to F. ferrooxidans strain

~. Diluted titer** T

“Antisera* ~ | 1¢2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:5I2
APtz L b e A 4 + + + + -
ATf-3 T + = + - — -
AFf-4 R -+ + + - - - -
AFf-6 b + + + - - - -

ATt R + + + - - - -
Remarks : *AFf-: Anti~-F. ferrooxidans strain serum

ATt-:
** o : Strong react
+ : React
: Non react

Anti~-T. thiooxidans strain serum

Table 4. Comparisons of hemagglutination titer between homologous and heterologous
antisera to F. ferrooxidans strain 3 '
\ Diluted titer
\ng‘n_tiS—e‘f;\ 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512
AFf-3 e T + + + + + -
AFf-2 P A + -+ + 1 + - - -
AFf-4 ot 4 + + - ~ - — —
AFf-5 [ + -+ + — - - - —
ATt oot + + -+ - - — — -
Remarks : Same as Table 3.
Table 5. Comrarisons of hemagglutination titer between homologous and heterologous
antisera to 7. thiooxidans
~ Diluted titer
""""" Antisera 2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512
ATt I S + + + - - -
AFf-2 ++ = + + - — - -~ -
AFf-3 . 4+ 4 + + - - - - -
AFf-4 4 + - - - - - — -
AFf-6 s + - - — — - — —
_I‘Qie;na‘rak_s/ ame as Table 3. N

oxidans strain 2 and 3 with their own and
heterologous antisera.

There were no detectable differences
in hemagglutination titers of antisera
to F. ferrooxidans strain 4 and 6, when
reacted with the antigens of F. ferrooxi-
dans strains 2,3 and 7. thiooxidans, res-
pectively., h

The wide cross-reactivties were obser-
T

ved in F forrnnvidame ctraine and

thiooxidans in hemagglutination test and
these suggested the presence of related
antigenic substance which will easily be
detected in hemagglutination test.

In another respect, the immunodiffusion
tests were conducted;to compare the anti-
genic relationship between F. ferrooxi-
dans strains and 7. thiooxidans.

Ouchterlony tests, with sonicated whole

hacterial hamaocannte nf B forsnncidaasn
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“and furthermore the antigen moiety
employed in this test was crude form
that it was very difficult to clearify the
differences between them evidently.

By ouchterlony test, with anti F. ferro-
oxidans strains rabbit sera showed that
the F. ferrooxidans strains were compo-
sed of major precipitation component,
whereas minor precipitin components
were a'so observed in F. ferrooxidans and
T. thiooxidans, respectively.

The serolbgical and phylogenetic rela-
tionship between F. ferrooxidans and T.
thiooxidans were destinguished distinctly,
however, in F. ferrooxidans strains, they
were very similar or same kinds of
serological specificities were represented
in each other.

The O antigen(endotoxins and lipopoly-

Radioactivity (cpm)

Fraction

Fig. 5. Polyacrylamide gel electrophresis/
radioimmunometric analysis of F. ferr—
ooxidans, St-2.

The unstained electrophoretogram was
reacted with 131 labeled homologous
antiserum(upper) and its densitometric
representation of lysed whole cell protein
(lower).
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saccharides) of Gram-negative bacteria
generally are composed of polysaccharide,
lipid, and a small amount of protein(De
Araujo, 1963).

Especially, the polysaccharide moiety
endows the antigen with serological spe-
cificity.

In this respect, it will be required to
introduce a methodology with more def-
ined fractionation procedures of the cell
component such as lipopolysaccharide
complex.

In heterotrophic bacteria, many authors
(Mergenhagen, 1963; Raff, 1968 and Hol-
lingdale, 1973) had reported that the se-
rological specificities were closely related
with LPS.

In order to conform the immunological
specific antigen substance in cell compo-
nents of the F. ferrooxidans and T. thi-

. 1000
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£
T e}
3
F
& 400 f
g

20
g
8
n

L | -

10 20 30 40
Fraction

Fig. 6. Polyacrylamide gel electrophoresis/
radioimmunometric analysis of F. Jerr-
voxidans, St-3

The unstained electrophoretogram was
reacted with 3 I Jabeled homologous
antiserum(upper) and its densitometric
representation of lysed whole cell protein
(lower).
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1000 1

800‘]

Radioactivity (cpm)
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Fig. 7. Polyacrylamide gel electrophoresis/
radioimmunometric analysis of 7T. #/iio-
oxitdans. The unstained electrophore
togram was reacted with 3! I labeled
homologous antiserum(upper) and its
densitometric representation of Iysed
whole cell protein(lower).

ooxidans, the whole cells were lysed and
subjected to gel electrophoresis.

After the electrophoresis, the unstained
electrophoretograms were directly reacted
with ' I labeled each homologous anti-
serum and counted the radioactivity.

The results were illustrated in Figs.
5,6, and 7, respctively.

According to the data from the radio-
immunometric/polyacrylamide gel electr-
phoresis, the antigen-antibody comple-
xes of F. ferrooxidans strain 2 and 3
which were reacted with their homolo-
gous antisera, showed the specific immune
reaction on the fraction number of 20

1

2 A F3 & polyacrylamide gel A7 9% &

[(Vol.13, No.3

to 30 in gel, whereas the densitometric
analysis demonstrated that the protein
band of that regions were very low to
compare with the remaining other part
of the gel.

In the case of T. thivoxidans, the major
specific immune reaction in gel was also
occured at the same region comparing
with that of F. ferrooxidans, however,
more broad immunoreactive region was
observed.

At the results of radioimmunometric/
polyacrylamide gel electrophoretic analy-
sis, the major specific immuno—reaptive
regions in gel electrophoretograms of the
F. ferrooxidams strain 2 and 3 are the
sharing antigenic determinants in F. fer-
rooxidans, however, it is assumed . that
the remaining regions were represented
the type specificity in F. ferrooxidans.

According to our data(unpublished), the
specific immuno-reactive region in gel
electrophoretograms of the F. ferrooxid-
ans strains and 7. thiooxidans showed
the molecular weight in a range of 75,
000—60, 000 to compare the electrophore-
tic mobility with references.
we suggest the
of the

F. ferrooxidans and T. thiooxidans are

From these results,
major antigenic determinants

mainly polysaccharide, while the specifi-
citise are expressed, in some less extent,
as the modification of carbohydrate moi-
ety with lipid or protein.

Another aspects of immunochemical
approaches in serologic typing of the

bacteria are now in progress.

B
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