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Abstract

Purpose: Several studies have shown that the commercially
available antivenoms are ineffective in neutralizing the toxic and
lethal effects. In this study, we aimed at analysing the comparative
peptidome fractions of venoms of Indian Cobra (Naja naja) species
from three distinct geographical (western, southern and eastern)
regions of India. MALDI spectra of the regional venoms were recorded
in positive ion mode using a Bruker Daltonics Ultraflex TOF/TOF
spectrometer.

Results: It was observed that the peptfidome fraction of Naja
naja species of different regions, varied greatly in MALDI-TOF spectral
profile in the 1-40 KDa window. The peptide pattern of the three
regional venoms had similarities in containing 27, 20, 13 and 6.7 KDa
tfoxin components. Further, it was interesting to note that the eastern
regional venom sample contained an abundant ~5.7 KDa peptide
which was completely absent in other regional venoms, which might
be the reason for high toxic and lethal effect.

Conclusion: The geographical venom variability in peptidome
fraction reported here may have an impact in the selection of
specimens for anfivenom production and highlights the necessity
of use of pooled venoms as representative venom for antivenom
production.

Abbreviations

MALDI-TOF: Matrix-assisted Laser Desorption/Ionization-
Time of Flight; KDa: Kilodalton; %: Percentage; ug: Microgram; ul:
Microlitre; uM: Micromolar

Introduction

Snake venom constitutes a diverse and synergistic cocktail of
biologically active molecules responsible for various pharmacological
effects [1,2]. In this respect, venoms of snakes are known to exhibit
marked variation in their potency and the extent of induction of toxic
and lethal effects due to variation of toxins have been addressed at
different levels (sex, diet, seasonal, geographical etc.,), and also in
terms of their composition and relative abundance of toxins [3,4].
The variation in venom composition is known to be one of the main
reasons for inefficiency of antivenoms, which is the only preferred
choice for snakebite victim’s treatment all over the world [5]. It has
been observed that the variable composition of venom influences the
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effectiveness of antivenom as antivenom prepared against particular
regional venom is reported to be ineffective or partially effective
against the toxicity/lethality of other regional venom [6-8]. Hence,
understanding the intra-specific variability of venom components are
gaining much attention with the intention of production of efficacious
therapeutic antivenom and thus help in management of snakebite
[8]. Although variation in the venom proteome is a well-documented
phenomenon; however, variation in the venom of peptidome is poorly
understood [9,10]. Knowledge of variation of peptidome variation
is of prime importance as these are the most potent toxins and less
immunogenic [10,11]. Recently, it was shown that the commercial
available antivenoms are ineffective in neutralizing the toxic and
lethal effects of the peptides fraction and the antibody raised against
this fraction was found to cross-react with all the regional venoms
[11]. Further, peptides are known to be more potent in toxic and
lethal effects [9,12]. Therefore studies on the variation in the venom
of peptidome are of prime importance for development of efficacious
antivenom. Several approaches and techniques have been employed
for studying the variability of venom components that influences
the pharmacological effects. Mass spectrometry is one of the major
investigative tools, known to gives access to wealth of information in
a short working time frame and with minute amount of samples as
in the case of snake venoms [13]. Several studies have used MALDI-
TOF to understand the influence of variation in snake venom induced
pathophysiological effects [10,13-16].

Indian cobra (Naja naja), one of the medically important snakes,
is endemic and distributed all across the country. It is responsible
for large number of morbidity and mortality cases in India [17]. It
is observed that the variation in the venom composition of Naja
naja species was the main reason for severity of pathogenesis in
the victims of three districts of West Bengal (Eastern India) and the
available polyvalent antivenom manufactured in western India was
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hardly effective in neutralizing the pathobiological manifestation
of the venom [7]. The venom of Naja naja species from different
geographical regions are known to vary in their biochemical and
pharmacological activities and eastern regional venom is known to be
the most toxic and lethal among the three regional venoms [18,19].
It was concluded that the variability in toxicity and lethality was due
to the presence of peptides and phospholipases A, (low molecular
weight factors) in the venom [7,19]. Although intra-specific
variability in Naja naja species venom has been observed [7,8,18,19],
its influence on antivenom production is poorly understood, due to
lack of characterization of major toxins involved in pharmacological
effects. It is believed that an antiserum raised against fractionated
venom containing such major toxins, could yield better protection
[20]. Therefore, the aim of the study is to obtain general information
of the peptidome (Low Molecular Weight fraction) - main toxic/
lethal component of the venom of Naja naja species from different
regions of India, which would help in as a reference for development
of efficacious therapeutic antivenom. Here we report for the first time
the comparative peptidomic analysis of different regional venoms
using MALDI-TOF for its potential use in efficacious therapeutic
antivenom.

Chemicals and Drugs
Materials

All the reagents used were of proteomic grade. The lyophilized
venom from Naja naja from different regions of India was a gift
from Dr. T. Veerabasappa Gowda (Professor, University of Mysore),
matrices of MALDI mass spectrometry; a- cyano-4-hydroxycinnamic
acid in case of peptides and sinapinic acid in case of proteins used were
from sigma-Aldrich (St. Louis, USA). Mass spectrometry calibration
standards were from sigma-Aldrich (St. Louis, USA).

Extraction of low molecular weight fraction form Naja naja
venoms

To obtain peptidome fraction (low molecular weight fractions),
all the three regional Naja naja venom samples were separately
subjected to G-50 column chromatography which was equilibrated
and eluted with 0.1 M phosphate buffer (pH 7.0) containing 0.5
M Nacl. The elution resulted in 2 peaks out of which the 1* peak
contained high molecular weight proteins (>50 KDa) and 2™ peak
which contained low molecular weight proteins (<40 KDa). The
samples were lyophilized until Mass spectrometric analysis was
performed.

MALDI mass spectrometry of low molecular weight
fractions

MALDI spectra were recorded in positive ion mode using a Bruker
Daltonics Ultraflex TOF/TOF spectrometer. The matrices used for
positive ion mode detection were a-cyano-4-hydroxycinnamic acid
in 60% acetonitrile containing 0.1% TFA. Routinely, 0.5 pl of matrix
was mixed with 0.5 pl (1 pg dissolved in 10 ul of water) of the peptide
sample on a MALDI plate for mass spectral analysis. Each sample was
spotted twice and spectra were recorded for each spot.

Results and Discussions

The venom of Indian Cobra (Naja naja) obtained from 3 different
regions western (Mumbai, Maharastra), southern (Chennai, Tamil

Nadu) and eastern (Kolkata, West Bengal) (Figure 1) varied greatly
in MALDI-TOF spectral profile of peptide (low molecular weight)
fractions in the 1-40 KDa window (Figure 2). The observed variations
were in the presence/absence of different molecular weight peptides
and their abundance across different regional venoms (Figure 2).
The peptide pattern of the three regional venoms had similarities in
containing 27 KDa, 20 KDa, 13 KDa and 6.7 KDa toxin components
(Figure 2). In Elapidae venoms it is usually observed that 12-14 KDa
members are PLA s and < 7 KDa members is generally represented
by neurotoxins, cardiotoxins or ion-channel blockers [20]. Further,
it is known that ~5.7-7.3 KDa members are potential three finger
toxins (3FTxs) [20]. Proteins from 3FTx and PLA, families are
generally known for the major biological effects, being responsible
mainly for neurotoxicity and death by respiratory arrest which is
the predominant clinical manifestation of Naja naja venoms and in
general elapidae venoms [21-23].

Although many isoforms of PLA s (in the range of 12-14 KDa)
have been isolated and characterized from these three regional
venoms of Naja naja species, only few have been characterized [24-
27]. A highly lethal cytotoxic peptide (~6.9 KDa) has been reported
from eastern regional venom [28]. Recently, a potent cardiotoxin
having Mol wt of 6.7 KDa has been reported [29].

The eastern and western regional venoms contained 12 KDa, 24
KDa and 33 KDa peptides which was completely absent in southern
regional sample of Naja naja. However, it is interesting to note
that the eastern regional venom sample contained an abundant
~5.7 KDa peptide which was completely absent in other regional
venoms. This component might be the cardiotoxins or neurotoxins
which predominantly belong to 3FTxs family that are least studied in
Indian venoms. Supporting this is the observation that eastern region
venom predominantly causes damage to cardiac muscle [8]. Further

MUMBAI
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Figure 1: Schematic representation of the location of Indian N. naja naja
venom samples obtained from western (Mumbai, Maharastra), southern
(Chennai, Tamil Nadu) and eastern (Kolkata, West Bengal) regions of Indian
peninsula.
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Figure 2: MALDI-TOF spectrograms of N. naja naja venom samples generated using a Bruker Daltonics Ultraflex TOF/TOF spectrometer in 1-40 KDa window
scan. (A) - N. naja naja (west), (B) - N. naja naja (south), (C) - N. naja naja (east).

the study shows that a distinct PLA, enzyme is known to be present
in eastern venom, which is absent in southern and western venom
samples [8]. Therefore the presence of highly potent low molecular
weight components like the isoforms of PLA s and 3FTxs might be
the reason for the observed highly toxic and lethal effects of eastern
regional venom when compared to other regional venoms [7,18,19].
Further, it can be viewed that the observed ineffectiveness of
commercial polyvalent antivenom (manufactured in western India) in
neutralizing the pathobiological manifestation of the venom samples
from eastern India, might be due to its ineffectiveness of action on
low molecular weight components’ like 3FT's and neurotoxins [7].

The absence of 12 KDa, 24 KDa and 33 KDa peptides in southern
venom when compared to other regional venoms and the abundant
existence of ~5.7 KDa peptide in only eastern regional venom of
Naja naja species could well be utilized for selection of specimens
in the production of antivenom and thus used in the treatment of
snakebite patents. A similar study demonstrated and discussed the
implications of mass spectrometry analysis for the production of
Micrurus antivenoms [20]. Further, it concluded that an antiserum
raised against fractionated venom containing such major toxins,
could yield better protection [20].

Conclusion

In conclusion, the MALDI-TOF analysis revealed qualitative
and quantitative peptidome variation in Naja naja venom of distinct
geographical origin. Further this study contributes to towards
the understanding of intra-venom variability which is useful for

production of efficacious and region-specific therapeutic antivenoms,
which is the immediate medical concern for researches.
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