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Snakes, particularly the venomous ones, have always been creatures of the myth. 
For example in Egyptian history, the snake plays an important role, with the Nile 
cobra adorning the crown of the pharaoh in ancient times. Similarly, in Greek my-
thology, snakes are often associated with deadly and dangerous antagonists. The 
nine headed Hydra Hercules defeated and the three Gorgon sisters are literary 
examples. Interestingly, two medical symbols involving snakes are still used today 
– “Bowl of Hygieia”, symbolizing pharmacy, and the “Caduceus and Rod of Ascle-
pius”, which are symbols denoting medicine in general. Present day Hollywood 
movie captions like “It will take your breath away” (on the poster of the movie Ana-
conda) and “Sit back. Relax. Enjoy the fright” (on the poster of the movie Snakes 
on a Plane), still heighten our fear and curiosity about these wonderful creatures. 
But some of us rather than giving snakes of all descriptions a wide berth, seek 
them out. They are as you might have rightly guessed, snake charmers and snake 
venom researchers. While charming of snakes is outside the scopes of the  exper-
tise of the author of this article, the study of venom is one of his primary research 
passions.

So, “What is snake venom?” Broadly speaking, snake venom is modified saliva 
that contains a complex mixture of pharmacologically active polypeptides and 
proteins. The primary function of the venom is to alter biological function in the 
prey in a way to immobilize the prey, which is injected into its body during the 
bite. There are about 3200 species of snakes. Approximately 1300 species are ven-
omous. Venomous snakes differ from their non-venomous cousins by possessing 
venom glands and specialized venom-conducting fangs, which enable then to 
inflict serious bites upon their victims. In general there are five families of ven-
omous snakes recognized: the Colubridae, which possess small rear fangs; the 
front-fanged Elapidae and Hydrophidae; and the viper group, which consists of 
the Viperdae and Crotalidae.

As mentioned above, snake venoms are assorted mixtures of pharmacologically 
active proteins and polypeptides. A number of these proteins demonstrate lethal 
and debilitating effects as a consequence of neurotoxic, cardiotoxic and tissue 
necrotizing property, whereas others induce various pharmacological effects, but 
are of a lower order of toxicity. All these protein toxins injected during envenoma-
tion mediate simultaneous assault on diverse physiological processes at specific 
sites. The study of snake venoms and toxins by scientists with varied backgrounds 
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and expertise has focused on one or more of the following objectives: (A) 
to establish the mode and mechanism of action of the toxins; (B) to discov-
er ways and means to neutralize the toxicity and adverse effects of snake 
bites; (C) to develop specific research tools that are useful in understand-
ing normal physiological processes at both cellular and molecular levels; 
and (D) to develop prototypes or leads of pharmaceutical agents based on 
the structure of toxins. Imperative lessons can be learnt, particularly from 
the latter two objectives, as to how simple molecular templates have been 
used in nature to design a wide arsenal of proteins that exhibit diverse 
(toxic) functions.

Till date, a large number of protein toxins has been isolated and charac-
terized from snake venoms. Numerous early efforts were directed towards 
the isolation and characterization of either proteins that are found in abun-
dance or the most toxic components of the venom. The advent of more so-
phisticated purification techniques has resulted in the delineation of activ-
ity for proteins present in smaller quantities in venoms. The protein toxins 
present in single venom, although might number well over 100; belong to 
small number of protein super-families. Some of the well-studied families 
of venom proteins are: (a) three-finger toxin family; (b) proteinase inhibitor 
family; (c) lectin family; (d) phospholipase A2 (PLA2) family; (e) serine pro-
teinase family; and (f ) metalloproteinase family. The members in a single 
family show remarkable similarities in their primary, secondary and tertiary 
structures. At times, however, they differ from each other in their biological 
targeting and, hence, their pharmacological effects. That is, each family of 
protein toxins has a similar molecular scaffold but exhibits multiple func-
tions. Thus, structure–function relationships and the mechanisms of action 
of snake venom proteins are intriguing and pose exciting challenges to sci-
entists. 

A number of proteins isolated from snake venoms have been exploited in 
the design of drugs or have been employed for understanding the func-
tioning of a particular physiological process. Case in point, the high specifi-
city of neurotoxins for nAChRs (nicotinic acetylcholine receptors) has been 
utilized as a tool in understanding the structure and function of the nerv-
ous system. Of all these, alpha-neurotoxins in particular have been crucial 
for the isolation and characterization of the nAChR at the motor end plate. 
The other group of venom proteins with essential pharmacological func-
tion is the disintegrin family. These proteins are potent modulators of plate-
let function. Similarly, Captopril the first venom-based drug discovered in 
1975 from Bothrops Jaracusa (Brazilian arrowhead viper venom) by Nobel 
Prize winner Sir John Vane and later commercialized by pharmaceutical gi-
ant Squibb, is an angiotensin-converting enzyme inhibitor and therefore 
a potent anti-hypertensive agent. In recent times, snake venom proteins 
have also exhibited in vitro and in vivo anti-tumor activities such as con-
tortrostatin from Agkistrodon contortix contortix (American  copperhead); 
and antimicrobial activity such as Crotacetin from Crotalus durissus terrifi-
cus. The structure-function relationships of these proteins are currently un-
der careful investigation, and will probably be used for the development of 
therapeutic leads in the near future. In summary, snake venoms specifically 
the ones isolated from new or less investigated species of snake provides 
the scientific community with “unopened treasure chest of potential thera-
peutic leads”.

Currently, at SQU, along with a team of researchers, the author of this article 
is investigating into the pharmacological properties of venoms belonging 
to snakes native to Oman, using both proteomic and transcriptomic tech-
niques.  This, he believes, will not only benefit the scientific community in 
terms drug-lead discovery but will also help the Omani people in terms of 
development of novel and better suited anti-venom strategies. The latter is 
pivotally important since in a recent publication in PloS Medicine where an 
epidemiological estimate of envenoming and death was carried out globally 
across 164 countries, it was reported for Oman that incidence of envenom-
ing per 100,000 population is 47.2390; in a total population of 2595133. In 
comparison, India with a total population of 1169015509 has an incidence 
envenoming per 100,000 of 17.1000. These figures are also supported by 
the reports published from the Ministry of Health in Oman. As highlighted 
above, in order to investigate into the pharmacological properties of the 
venom, the SQU research team will be using a two-pronged strategy, prob-
ing the toxinome of these snakes using both protein chemistry and mo-
lecular biology tools. In summary, it’s a research into the pharmacome of 
the toxinome of these wonderful but intriguing creatures.

Bacteria can communicate among one another using chemical signal molecules. 
The information supplied by these molecules is critical for synchronizing the 
activities of large groups of cells. In bacteria, chemical communication involves 
production, release, detection, and response to small chemical molecules. This 
decision making process, called quorum sensing, allows bacteria to monitor the 
environment for other bacteria and to alter behaviour on a population-wide 
scale in response to environmental changes. In other words, quorum sensing 
bacteria (one-cellular organism) can act like multi-cellular organisms.

The discovery that bacteria are able to communicate with each other changed 
our general perception about this simple organisms. Investigation of “bacterial 
language” allows investigators discover that bacteria use chemical signals instead 
of “words”. Concentration of these signals in the environment increases with in-
crease of bacterial density. The bacteria are able to measure the concentration 
of these signals and once it reaches a certain level, the bacteria launch different 
programs that alter their behaviour, such as adhesion and production of certain 
compounds. Different bacteria are using different chemical signals. As they em-
ploy different “languages” they cannot necessarily talk to all other bacteria.

First quorum sensing bacteria have been discovered only two decades ago. Sci-
entists have found that a symbiotic bacterium living inside a deep sea Hawaiian 
squid produce light. Squid light organ cells promote the growth of the symbionts 
and actively reject any other competitors. Bacteria produce light only when they 
are present at high density. At this stage bacterial symbionts produce chemi-
cal signals that are responsible for light production. Later, scientists discovered 
other bacteria use chemical signals for their communication as well. Common 
plants, such as alpha-alpha and pea, “cultivate” nitrogen fixating bacteria in their 
roots that utilize quorum sensing signals. Most of pathogens use quorum sens-
ing in order to successfully control their behaviour and bypass the immune re-
sponse of the host. Scientists have found that more than 50% of known bacteria 
use quorum sensing signals to alter their behaviour.

Nowadays, most of the bacteria that cause infections are resistant to at least one 
of the drugs commonly used for their treatment. Few bacteria are resistant to all 
antibiotics and their infections cannot be treated by any drugs. An increase in 
resistance of common bacteria causes severe infections and high mortality from 
some common diseases, like pneumonia. Antibiotic resistance of bacteria is due 
to the mechanism in which antibiotics work. All current antibiotics aim to kill 
specific groups of bacteria. These forces bacteria to mutate and the few that are 
resistant to antibiotics are going to survive and multiply.

Recent quorum sensing investigations demonstrated that some bacteria, plants 
and animals are capable of production of compounds that can disrupt the bac-
teria’s ability to communicate and thereby disable bacterial growth and ability to 
become pathogenic. Organisms are using this quorum sensing inhibitors in or-
der to prevent bacterial infections. Quorum sensing inhibitors are having certain 
advantages in treatment of bacterial infections. First, they suppress the growth 

of pathogens and production of their toxins, thus giving the body an extra time 
to eradicate these bacteria through the natural immune defence. Second, since 
these inhibitors are not killing the bacteria they also do not force them to mutate 
and resistant strains will be unlikely to occur.

The author of this article has been investigating bacterial quorum sensing for 
several years. He has demonstrated that many marine invertebrates and micro-
organisms in Oman are capable of production of inhibitors of this “bacterial lan-
guage”. Recently, he studied together with Dr. Raeid M. M. Abed from the Biology 
Department of SQU’s College of Science, cyanobacterial mats from Oman hot 
springs. According to the researchers, microorganisms inhabiting these mats 
produce quorum sensing inhibitors under natural conditions. Among four in-
vestigated springs (Hammam, Bowshar, Nakhl and Rustaq) the mats from the 
Nakhl were the most active. In comparison with other springs, Nakhl mats had 
the lowest microbial diversity. This is an important discovery suggesting that cy-
anobacterial mats are good sources of novel quorum sensing inhibitors. Samiha 
Al Kharusi, an MSc student of Biology department, has been investigating micro-
bial diversity and bioactivity of microorganisms living in extremely saline pools 
of Wadi Maqshan in south-eastern Oman in Al Wuusta province under the su-
pervision of Drs. Abed and Dobretsov. This investigation revealed that most of 
microbial isolates produce different quorum sensing inhibitors. SQU researchers 
are planning to isolate these bioactive compounds and further investigate their 
potential in the future.

The author of this article was the first one who isolated a quorum sensing in-
hibitor from a cyanobacterium. This compound was identified as malyngolide 
with a help of scientists from Fort Pierce Smithsonian Research Station located in 
Florida, USA. The “alga-like” cyanobacterium Lyngbia majuscula produce malyn-
golide at the concentrations sufficient to prevent growth of other bacteria on its 
surface. Malyngolide has the capacity to inhibit the growth of dangerous human 
pathogens by interfering with their quorum sensing. It is interesting that at a 
high concentration malyngolide works as an antibiotic. It is a known phenome-
non and according to my study, about 20% of antibiotics are inhibiting “bacterial 
language” at extremely low nano- and milli- molar concentrations.

The study done by SQU team highlights the high biotechnological potential of 
microorganisms inhabiting the Sultanate and suggests that their quorum sens-
ing inhibitors can be used for as new drugs to control antibiotic resistant infec-
tions in the future.
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