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Differentiation of Closely Related | solates (vaccinal strains) of
Pasteurella multocidausing FT-IR

Irfan Ullah', Rabia Durrani**?, Qurban Ali* and Fariha Hassan*

The present study was undertaken to differentiate
closely related vaccinal strains (B: 3, 4 and B: 6)
of Pasteurella multocida. Observations were
made on the biochemistry of whole cell, envelope
and OMPs of using analytical technique, FT-IR.
The spectral peaks of whole cells, envelope and
OMPs were differentiated between B: 6 and B: 3,
4 by FT-IR analysis. Spectral peaks of B: 3, 4
whole cells were at 644 cm-1 and at absorbance
of 5.90, while B: 6 spectral peaks were observed
at wave numbers 628, 640 and 651 cm-1 and
absorbance at 0.35, 0.66 and 0.67 respectively.
Peaks for B: 3, 4 envelope preparations were at
646 wave number (cm-1) and at absorbance of
0.75 but in B: 6 envelope they were at 628, 640
and 651 wave number (cm-1) and at absorbance
of 0.35, 0.43 and 0.24 respectively. The spectral
peak was found in B: 3, 4 OMPs at 646 wave
number (cm-1) and at absorbance of 5.90, while
spectral peaks for B: 6 OMPs were at 628, 640
and 651 wave number (cm-1) and at absorbance
of 0.60, 0.50 and 0.21 respectively.

It was concluded that the technique applied in
this study was useful for better understanding of
the structural configurations of the organism. The
data generated will help in development of good
vaccines which will help in control of HS disease
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in cattle, detailed studies with a large number of
isolates is warranted.
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INTRODUCTION

Haemorrhagic Septicemia (HS) is a particular
form of Pasteurellosis caused by P. multocida and
manifested by an acute and highly fatal
septicemia mainly in cattle and buffaloes (2). The
disease is caused by two specific serotypes of P.
multocida. Serotypes B:2 is more frequently
found in Asia and E:2 is more frequent in Africa
(4). These serotypes are designated as 6: B and
6:E by (11) and (1).

Most strains of Pasteurella form a polysaccharide
capsules or envelope. It is composed of
polysaccharides, Lipopolysaccharides and variety
of protein (8). Capsulation does not affect the LPS
profile (14). Proteins and lipids are present among
the network of polysaccharides. Both LPS and
polysaccharides play a role in passive
haemagglutination. (13) described the three
antigen complexes apha, beta and gamma
polysaccharides protein complex, a serogroup-
specific polysaccharide and LPS. (10) observed
that the immunogenicity of certain LPS
preparation was due to the presence of
contaminating OMPs.

The outer membrane protein (OMP) of Gram
negative bacteria has arole in disease processes as
it acts at an interface between the host and
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pathogen (9). Outer membrane proteins (OMPs)
of P. multocida plays significant role in the
pathogenesis of pasteurellosis and have been
identified as potent immunogens. Thus a variation
in OMPs profile among the isolates may help in
epidemiological survey. lron is an essential
element for most organisms due to its role in
metabolic electron transport chains. However, the
host iron is largely unavailable due to the
presence of iron binding glycoprotein such as
transferrin and lactoferrin. Pathogenic bacteria
such as P. multocida overcome this in vivo by
expressing a number of iron regulated proteins
and low molecular weight siderophores which
sequester iron from iron binding host proteins.
Iron regulated proteins include outer membrane
proteins, which are involved in the iron
acquisition and other virulence factors such as
toxins and haemolysins (3).

FT-IR: Fourier transform infrared (FT-IR)
spectroscopy has been applied as a rapid,
nondestructive, and physico-chemical method for
discrimination, classification, and identification of
intact microbial cells. Since the identification of
pathogenic bacteria using an FT-IR method was
reported by (12) .Fourier transform infrared (FT-
IR) spectroscopy has been used to characterize
and differentiate intact microbia cells based on
the biochemical heterogeneity of outer membrane
cell ~components such as lipoproteins,
Lipopolysaccharides (LPS), and phospholipids
(12). Infrared (IR) spectra depend on the
vibrational energy of the molecules in a sample,
and spectra of intact bacteria contan a
superposition of many specific bands due to the
complex nature of cell membranes (6). Therefore,
the use of multivariate statistical analysis (or
chemometrics) is necessary to obtain qualitative
or quantitative information from complex spectra
collected in the entire mid-IR spectral range of
4000400 cm-1 OMP extracts from bacterial cell
membranes could exhibit distinctive spectrain the
amide I/ll region, preventing superimposed
absorbance bands from other cellular components
(i.e., lipids or carbohydrates) in intact cells. The
use of OMP spectra combined with chemometrics
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could be advantageous over using spectra of intact
cells for classification and differentiation of
mi cro-organisms.

The present research focuses on study the
biochemistry of whole cell, envelope and OMPs
of vaccina strains using analytical technique, FT-
IR.

MATERIALS & METHODS

The samples were prepared by diluting the sample
1:10 in digtilled water. Its Optical density was
adjusted to 0.1 at the wavelength of 520 nm using
spectrophotometer (unico 1100rs). The samples
thus prepared were subjected to the FT-IR
(Nicolet Nexus 670 FT-IR) anaysis for
generation of spectra. The germanium crystal of
sample loading point was first cleaned with the
help of acohol and then the sample of 10ul
poured onto that germanium crystal and adjusted
to make ready for measurement. At each and
every step before addition of the sample, the
background spectra were taken which was the
most important step in FT-IR spectrophotometery.
The dready fed software OMNIC FT-IR help
generated the spectra of the sample. During
generation of the spectra, the FT-IR auto gains the
sample and generates spectra.

The spectra were generated by the four sources;
Power which provides the current,

Scan which scans the image,

Laser generates the spectra and

The source generates the light created in
those spectra.

The spectra thus generated were printed on the
attached printer and spectral analysis was
performed by comparison of peaks their shapes
and heights created at different wavelength by the
FT-IR. Spectra of pure distilled water alone were
also used to generate spectra of background.

RESULTS

Comparison of Spectra of Whole cells between B:
6 AND B: 3,4

When these strains B: 6 and B: 3, 4 whole cells
were subject to FT-IR anaysis, differences were
present for both strains. B: 3, 4 whole cells
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showed major peak at 644 wave number (cm-1)
and absorbance at 5.90, while B: 6 whole cells
showed major peak at 628, 640 and 651 wave
number (cm-1) and at absorbance of 0.35nm,0.66
and 0.67 respectively.

Comparison of Spectra of Envelope between B: 6
andB: 3,4

When envelope preparations were subject to FT-
IR analysis, again differences were present in both
strains. The spectral peak was found in B: 3, 4
envelope at 646 wave number (cm-1) and at
absorbance 0.75. The spectral peaks were found
in B: 6 envelops at 628, 640 and 651 wave
number (cm-1) and at absorbance of 0.35.0.43 and
0.24 respectively, confirming the differences of
both the envelop preparation in FT-IR analysis.
Comparison of Spectra of OMPS between B: 6
andB: 3,4

When OMPs preparations of B: 6 and B: 3, 4
OMPs was subjected to FT-IR analysis, similar
results as of envelop were reviewed, indicating
differences in spectral peaks in two strains,
spectral peak was found in B: 3, 4 OMPs at 646
wave number (cm-1) and absorbance 5.90, while
spectral peak was found in B: 6 OMPs at 628, 640
and 651 wave number (cm-1) and absorbance at
0.60, 0.50 and 0.21 respectively.

Comparison of Individual Serotypes of Whole
Cdlls, Envelope and OMPSB: 6, & B: 3, 4

The FT-IR spectra of P. multocida strain (B: 3, 4)
whole-cell, envelope and OMPs were observed.
In these few differences were observed but more
similarity were found in the spectra of the strain
(B: 3, 4). Spectral peak were found in B: 3, 4
between 640-660 wave number (cm-1) and
absorbance between 0.01-6. The major spectra
peak was found in B: 3, 4 whole cells at 644 wave
number (cm-1) and absorbance at 5.90, envelop at
646 wave number (cm-1) and absorbance 0.75
and spectral peak was present in B: 3, 4 OMPs at
646 wave number (cm-1) and absorbance 5.90.
The FT-IR spectra of P. multocida strain (B: 6)
which consisted whole-cell, envelope and OMPs
were observed with few dissimilarity and most of
the similarities, which showed that strains give
similar spectra for whole cells, envelops and
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OMPs. Two large spectral peaks and one small
peak were found in B: 6 between 620-660 wave
number (cm-1) and absorbance between 0.1-0.70.
In whole cells peaks were at 628, 640 and 651
wave number (cm-1) and at absorbance of 0.35,
0.66 and 0.67 respectively. In envelops these
peaks at 628, 640 and 651 wave number (cm-1)
and at absorbance of 0.35,0.43 respectively and in
OMPs the peaks were also at 628, 640 and 651
wave number (cm-1) and at absorbance of 0.60,
0.5 and 0.21 respectively.

Comparison between B: 6 and B: 3, 4 result
showed that differences were present in B: 6 and
B: 3, 4 saotypes spectra generated from
preparations of whole cell, envelops and OMPs.
Concluding that any form either whole cell,
envelop and OMPs give rise to same results.
Therefore one may use whole cell for generating
spectra rather than time consuming, counter-some
and difficult procedures of envelops and OMPs
preparations.

DISCUSSION

Pasteurella  multocida is an  aerobic,
chemoorganotrophic organism. Two P. multocida
strains used in the study came from different
sources. Both the strains namely B:6 from cattle
and B:3,4 from deer were vaccinal strains (B: 6
for cattle for the killed injectable vaccine and
B:3,4 from deer for the live intranasal vaccine).
Similar to wild strains, vaccinal strains are also
known for their capability of killing adult mice
within 24 hours upon injections of live organisms.
This study also establishes the earlier finding,
where the live virulent as well as vaccinal strains
killed mice in the same manner (5).

When these strains were subjected to FT-IR
analysis of spectral peaks were found within the
preparations of whole cells, envelope and OMPs
of each strain shown in Figure of each. The
spectra of pure distilled water alone were also
used to generate spectra of background.
Comparison of Spectra of Whole Cell between B:
6andB: 3,4

When these strains B: 6 and B: 3, 4 whole cells
were subject to FT-IR analysis of spectral peaks
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were found, differences were present in both
strains, B: 3, 4 whole cells showed major peak at
644 wave number (cm-1) and absorbance at 5.90
while B: 6 whole cells showed maor peaks at
628, 640 and 651 wave number (cm-1) and at
absorbance of 0.35nm, 0.66 and 0.67 respectively.
The data indicates that both the strains had
structural differences at molecular level which
were shown by FT-IR spectra when solution
contained whole cellsin distilled water.
Comparison of Spectra of Envelops of B: 6 and B:
3,4

When these strains B: 6 and B: 3, 4 envelops were
subjected to FT-IR analysis of spectral peaks were
found, difference were present in both strains. The
spectral peak was found in B: 3, 4 envelop at 646
wave number (cm-1) and absorbance 0.75nm and
spectral peaks were found in B: 6 envelops at 628,
640 and 651 wave number (cm-1) and at
absorbance of 0.35.0.43 and 0.24 respectively
confirming the differences of both the envelop
preparation in FT-IR analysis.

Comparison of Spectra of OMPS between B: 6
andB: 3,4

When these strains B: 6 and B: 3, 4 OMPs were
subject to FT-IR analysis of spectral peaks were
found, differences were present in both strains.
Spectral peak was found in B: 3, 4 outer
membrane protein at 646 wave number (cm-1)
and absorbance at 5.90, while spectral peak was
found in B: 6 OMPs at 628, 640 and 651 wave
number (cm-1) and absorbance at 0.60, 0.50 and
0.21 respectively. These results showed the
difference in spectra of OMPs preparation in FT-
IR analysis.

Comparison of Spectra Preparations whole cells,
envelope and OMPSamong B: 6 and B: 3, 4

The FT-IR spectra of P. multocida strain (B: 3, 4)
whole-cell, envelope and OMPs were observed.
Differences in OD of the relevant spectral peaks
showed the differences in the quantity of bacterial
components in the samples of same serotype. In
these strains, few differences were present but
more similarities were found in the spectra
between the preparations of same strain. In B:3,4
spectral peak were found between 640-660 wave
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number (cm-1) and at absorbance between 0.01-6.
In whole cells the mgjor spectral peak was found
at 644 wave number (cm-1) and at absorbance at
5.90, envelope at 646 wave number (cm-1) and at
absorbance 0.75; and in OMPs spectral peak was
present at 646 wave number (cm-1) and at
absorbance 5.90.

The FT-IR spectra of P. multocida strain (B: 6)
preparations consisted whole-cell, envelope and
OMPs were observed with few dissimilarity but at
most place, the similarities were present, which
shows that B: 6 gave similar spectra for whole
cells, envelope and OMPs. Two large spectra
peaks and one small peak were found in B: 6 all
preparations fall between 620-660 wave number
(cm-1) and at absorbance between 0.1-0.70. In
whole cells peaks were at 628, 640 and 651 wave
number (cm-1) and at absorbance of 0.35, 0.66
and 0.67 respectively. In envelope these peaks
were at 628, 640 and 651 wave number (cm-1)
and at absorbance of 0.35, 043 and 0.24
respectively and in OMPs the peaks were aso at
628, 640 and 651 wave number (cm-1) and at
absorbance of 0.60, 0.5 and 0.21 respectively.
Differences in OD of the relevant spectral peaks
show the differences in the quantity of bacterial
components in different bacterial samples.

This may constitute the first report of its kind on
P. multocida, since there appears no published
work on the vaccinal strains of P. multocida using
FT-IR. The comparison of spectra of individual
strain preparations of whole cell, envelope and
OMPs shows similarity. Therefore one can use
any preparation of strain whole cells, envelope
and OMPs. Therefore one may use whole cells for
generating spectra rather than time consuming,
cumbersome and difficult procedures of envelope
and OM Ps preparations.

During present study attempt was made to
highlight the extent of similarities and
dissimilarities among the strains of P. multocida.
A detailed study with diversified parameters need
to be under taken with larger number of P.
multocida strains / isolates /serotypes to gain
more insight into the structural and functional
relationship and epidemiology of the diseases
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ultimately leading to the better control of the this 9. Lin, JS; Huang; Zhang, Q. (2002). Outer
most important economic disease of cattle in the membrane proteins: key players for bacterial
country. adaptation in host niches, Microbiol. Infect,
4,325-331.
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FIGURES

Figl. B: 3, 4 Whole Cell
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Fig 3. B: 3, 4 Envelope
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Fig 4. B: 6 Envelope

Absorbance

040-
0351
030-
0251
0201
015-
0.10€M
0052

000+

-0.05-
-0.10«2
-o.15~f
-o.2o~f

740 720 700 680 660 640 620
Wavenumbers (cm-1)

58 Www.vetscan.co.in



VETSCAN

Fig 5. B: 6 Outer membrane proteins
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Fig 6. B: 3, 4 Outer membrane proteins
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