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Abstract

anthelminthic compounds.

Parasitic infections are the most prevalent in humans in developing countries and one third of the world population
are infected by intestinal parasites. In addition, it affects millions of heads of livestock throughout the world. Global
infections and widespread drug resistances exhibited by both protozoa and helminthes which have great challenge
to present medicine. New medicine or bioactive may be talented solution of this problem. Combinatorial biosynthesis
is one of the approaches for protecting parasitic infection but bioactive from natural origin provides diversity and
structural complexity of the compounds with densely packed functional groups allowing maximum selectivity and
interaction to the target. Currently the majority of antibiotics used in clinical practice are natural product origin.
Living marine surfaces provide environment rich epibiotic microorganisms (e.g., bacteria) that produce bioactive
compounds. By improving the culturability and using upgrade techniques it is possible to overcome the challenge of
bioactive production. Microorganisms are currently accepted as the best renewable source of bioactive and marine
living surface have great potential of producing novel bioactive compounds useful for further drug development. This
review evaluate that marine surface associated bacteria are great source for production of novel antiprotozoal and
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Introduction

Marine environments provide complex

microorganisms with an enormous diversity of different life forms often

ecosystems  to

existing in close association is potential for discovery of new bioactive,
particularly from those microbes associated with marine plants and
animals [1-9]. Marine surfaces represent environment rich epibiotic
microorganisms (e.g., bacteria) that produce bioactive are stated in
many study [10-13]. Both microorganisms and hosts have developed
arrange of chemical defense strategies for competitive environments in
which they reside [14]. Within the animal kingdom, defensive chemicals
are founding extensively in invertebrates (e.g., arthropods, mollusks,
terrestrial and marine microbes etc.) but vertebrate also possess chemical
defense strategies. Thus, it would be reasoned that marine microbial
metabolites offer the prospect of potential candidates for new drug
discovery programs [15]. Compounds e.g., antituberculosis, antiviral,
antiparasitic, antinematodal and antifungal activity have already been
studied in many reviews on marine natural products [16-22].

Bacteria have evolved mechanisms for grazing resistance against
protozoa and these often involve the formation of biofilms which
produce anti-predator toxins. Pathogens especially bacteria living in
biofilms induce persistent chronic infections due to the resistance
to antibiotics and the host immune system, this is due to the results
of the diffusion barrier, a reduction in metabolism, genetic variation,
biofilm specific phenotypes, persisted cells etc. [23,24]. Compared
with planktonic cells, bacteria within the biofilm state are upward of
1000-times more resistant to conventional antibiotic treatment and host
immune responses [25,26]. It has been found that some of the genes
expressed in biofilms are not expressed in the planktonic phase. These
sorts of genes often encode for secondary metabolites, some of which
have activity against natural predators (protozoa and nematodes). The

identification and isolation of these compounds (gene products) which
are active against the parasitic protozoa and nematodes are a rich source
of novel antiparasitic.

The present-day scenario shows that at least one-third of the world’s
population is infected with intestinal parasites. In addition, parasitic
infections affect millions of heads of livestock throughout the world.
Intestinal parasite infection, caused by helminthes and protozoan
parasites, are among the most prevalent infection in developing
countries. Protozoan parasites are more commonly cause gastrointestinal
infections in developed countries compared to helminthes. In addition,
parasite infections are endemic worldwide and have been describe as
constitute greatest attention causes of illness and diseases.

Recent reviews regarding global infections and widespread drug
resistances exhibited by both protozoa and helminths have left us
searching for novel antiprotozoal and anthelmintic [27-57]. Hence, the
driving force for new antiparasitic drug development is the identification
of novel classes of antiparasitic. The present study has been undertaken
to assess & discussion the possibility of production of novel antiprotozoal
and anthelminthic compounds from marine surface associated bacteria
with debate associated with it and probable methodology with the
expectation of future drug design and development.
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Marine Surfaces Associated Microorganism

Marine word is one of the richest biospheres on the earth represents
a varied type of microorganism due to the diversified environments
offered by deferent oceanic zones. The enormous ecological resources
of the sea have been exploited since ancient times and included the use
of marine organism such as fungi, bacteria as a source of medicine.
In addition, marine environments are an exceptional store house of
novel bioactive natural products, with structure and chemical feature.
Thus, modern day focus of marine pharmacology is on microbes [58]
indicating the importance of the discovery of new pharmaceutical
candidates from marine microbes [59]. In addition, the bottom of
the marine sediments is abundant source of organic matter, inhabited
by a diversity of microorganisms especially bacteria and fungi are
tremendous resource of bioactive compounds.

Marine environment is a complex ecosystem with an enormous
diversity of different life forms often existing in a close association to
form a biofilm. The microorganism living in biofilm differs significantly
to each other and from the microorganism living in the surrounding
sea water. Sometimes the microorganisms are also associated with their
host as symbiotic relationship in which some marine eukaryotes heavily
rely on the metabolites produced by their microbial symbionts to
survive. Close association of different groups of organisms necessitates
especial mechanism of adaptation. One important mechanism is the
production of biologically active secondary metabolites. Functions
of such metabolites are intra and interspecific signaling, deterrence
of herbivorous and predators, suppression of competing neighbors,
inhibition of bacterial and fungal invasion, or protection of UV
radiation. These chemicals have potential to become drugs, medicinal
products experimental tools and food supplements [60-68]. A study
revealed that, every surface immersed in the sea rapidly becomes
covered with biofilm have been produced by epibiotic bacteria. These
epibionts may play a protective role, releasing compounds which have
industrial and medical application [69]. Another review study exposed
that since the early 1950s over 20,000 marine natural products have been
discovered, including compounds produced by symbiotic bacteria, and
the chemical diversity of compounds produced from marine sources
being referred to as “blue gold” in the search for new drugs [70]. For
example, a very diverse microbial community inside marine sponges
produces cytotoxic compounds and large variety of different polyketide
compounds and non-ribosomal proteins, with potent anticancer
properties, such as halichondrin B and discodermolide, have been
isolated from marine sponges.

Marine surface associated microorganisms (MSAB) are often
metabolically linked with their host. For example, some marine
sponges use the carbon produced by their associated photosynthetic
cyanobacteria and may even depend on their autotrophic cyanobacterial
symbionts to provide more than 50% of their energy requirements,
which allows them to grow in low-nutrient environments [71,72]. Thus,
the facts that many symbionts associations are based on metabolic or
chemical interactions may explain the wealth of bioactive producing
bacteria on living surfaces. Therefore, the environmental discrepancy
and the underlying mechanism in such interaction should enhance the
searches of novel bioactive.

Marine Microorganism as a Source of New Drugs

In the past decades, understanding of the importance of the
microbiome to human health and disease has grown exponentially,
and several striking associations have been revealed between an
individual microbiota and his or her diseases state. The exploration
of microorganisms as producers of therapeutic agents only began in

the 20" century and currently 10% of all biologically active natural
products are of microbial origin [73]. Even it could be used as a factor
of cancer drugs, for example, bacteria [74]. Furthermore, in 2010, one-
fifth of the microbial natural products databases, antibase, were from
marine bacteria.

In marine environments, the surfaces of all eukaryotes are also
covered with microbes, live in syntrophy, participating in cycling of
nutrients, as well as preventing predation of the host via the production
of bioactive secondary metabolites source of new drug [75-104].
Therefore, the fact that many marine microorganism-host associations
are based on metabolic or chemical interactions may explain the
abundances of bioactive producing microorganism especially bacteria
on living surfaces.

Marine Compounds with Immune and Nervous System

Very few compounds that affect immune system are studied
and reported in review article published in journal Biochimica et
Biophysica Acta [105]. Yen-lin and his colleague reported that marine
membrane compounds, especially lobocrassin B, isolated from soft
corals Lobophytum crassum effectively inhibited lipopolysaccharide
(LPS)-induced bone-marrow derived dendritic cell (BMDC) activation
by inhibiting the production of TNF-a [106].

Another study revealed that a novel mycophenolic acid derivative,
penicacid B, isolated from a South China Sea fungus Penicillium sp.
SOF07, inhibited splenocyte lymphocyte proliferation by mechanism
that involved inhibition of inosine 5-monophosphate dehydrogenase,
an essential rate-limiting enzyme in purine metabolic pathway and an
“important drug target for immunosuppressive” activity [107]. Despite
the history, compounds from marine bacteria are not established yet.
Pharmacological studies of marine compounds affecting nervous
system have also been established and focused on three main areas of
neuropharmacology: the stimulation of neurogenesis, the targeting
of receptors, and other miscellaneous activities on the nervous
system. Chemical that has critical role in differentiation, survival
and neuronal regeneration, was reported for several marine natural
compounds isolated from sea cucumbers, sea stars, brows algae and
fungus, respectively. Polyketide Shimalactone-A isolated from marine
derived fungus Emericella variecolor GF10 induced neuritogenesis in a
neuroblastoma Neuro 2A cell line at 10 pg/mL by a yet undetermined
mechanism [108]. Bringmann et al. isolated
gephyromycin from the bacterium Streptomyces griseus exhibits
considerably high glutaminergic activity towards neuronal cells [105].
Therefore, it might be a future trend for isolation of compounds from
marine bacteria and study its response with mark size on immune and
nervous system.

angucyclinone

Challenge Associated with Marine Drug Developments

Ocean contain a huge source of useful organisms, but the challenge
is that the collection of organism from desire source and the exploration
of new regions and depth, which should be exploited in better way. Some
scientists debate that the challenges of natural product research have
resulted in a search for an alternative to bioactive product development
while others disagree and point out that there are some alternatives to
natural bioactive product development. Modification of biosynthetic
pathway, known as combinatorial biosynthesis, of natural products by
genetic engineering to produce new and alternative structure of natural
products has emerged as one of the alternative ways for production of
novel and effective bioactive. In order to generate libraries of hybrid
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structure of natural products this pathway use genes from different
biosynthetic pathway in varying combinations to produce desired
products.

However, in practice, this approach is rather problematic. Firstly, it
involves the construction of various mutant organisms and, therefore,
is very labor-intensive and costly. Secondly, it often relies on the low
substrate specificity of enzymes in the biosynthetic pathways, which is
not always the case as many enzymes are rather specific [76]. High-
throughput screening (HTS) of synthetic chemical libraries is also
regarded as an alternative to bioactive discovery and the development
of combinatorial chemistry has allowed for smaller, more drug-like
libraries to be screened against defined macromolecular targets.
Furthermore, an increase in the availability of genomic data has
provided more potential targets for this screen. However, the first
libraries of chemically synthesized compounds provided more quantity
than quality; some produced more than million compounds, but were
a disappointment, as they yielded very low numbers of, or no, active
compounds [77-82]. Therefore, these approaches noticeably failed
to fulfill initiate expectations [83-85] and are unlikely to substitute
the benefits of natural product development. In contrast to chemical
libraries, bioactive of natural origin provide diversity and a structural
complexity with densely packed functional groups allowing maximum
selectivityand interaction with the target [86,87]. Such complexity makes
the chemical synthesis of these compounds extremely difficult [88-91].

.::>.::>
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It has been suggested that the success of natural compounds is since
they have undergone natural selection and, therefore, are best suited
to perform their activities [77,82]. Thus, further research on bioactive
natural products may provide a source of new chemical structures that
can guide the design of novel chemical compounds [92] as well as reveal
yet unknown modes of action [93]. Most antibiotics currently used in
clinical practice are of natural product origin. For example, out of 90
antibiotics about 70 of its marketed in the years 1982-2002 originated
from natural products [94-104]. Moreover, modifications of chemicals
based on a natural product scaffold are widely used approach which
altering the chemical and physical properties of the molecule thus
making it useful for a pharmacological application [105].

Product Developments from Marine Microorganism

Developments of marine drugs undergo complex process and
depend on environment parameter, isolation of organism, genetic
screening, optimization of products, clinical trials etc. However,
in general, following steps are the same as the marine organisms:
extraction, biological and/or chemical and/or genetic screening,
identification and selection of positive extracts, isolation and structure
elucidation of compounds with promising biological activity and/or
novel structures, broad pharmacological and toxicological investigation
of drug candidates for pharmacodynamics, pharmacokinetic and
safety parameters, target identification, ensure of supply, possible
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Figure 1: Schematic representation illustrating the stages of drug discovery. a. The 16S ribosomal DNA gene sequence informatics is regarded as molecular

chronometer and gold standard for molecular characterization of microbial diver:

sity and identification of bacteria in clinical microbiology revolutionizing the

bacteriology in terms of taxonomical, hierarchical and phylogenetic analysis at molecular levels. b. The de-replication process for early detection of both the known
producer organisms as well as the known bioactive compounds to help discovery of novel bioactive compound. ¢. Compounds that are active against whole

parasite are defined as hits hat can be considered for further testing in animal model
properties, for example, adsorption, distribution, metabolism and excretion (ADME)

s of the disease. d. The optimization process of compounds for pharmaceutical
and drug toxicity, as well as for efficacy against the target organism, is crucial.

e. Leads can be defined as compounds that are active in the animal models and considered to be active against diseases.
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From target choice to clinical trials: 4 - 6 years
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Figure 2: Outline diagram of a drug discovery funnel from hits to leads. Once a hit has been declared it should be tested more extensively to ensure it does not
suffer from a critical liability and modified chemically to improve its activity and safety profile. Successive molecules will be passed through a funnel of hit-to-lead

screening assays to identify desired chemicals.

derivatization and production of substance libraries and selection of
best suitable candidate, clinical trials and registration according to valid
legislation. The stages required for novel drug discovery from marine
surface-associated bacteria are also given in Figures 1 and 2.

Cultural Improvement and Production of Desired
Bioactive Compounds

In order to produce maximum amount of effective and desired
bioactive marine bacteria require optimal growth conditions and require
conditions that are resemble their native environment. In several studies
have shown that when the surface associated bacteria were grown in
vitro as a biofilm then increase in the production of antimicrobial
compounds [96,97]. Culture conditions such as temperature, aeration,
pH of the medium, incubation time and composition of medium can
affect the production of desired metabolites, and, therefore must be
considered and fine-tuned [98-104]. Adequate of bioactive compounds
necessary for structure elucidation and evaluation, usually requires
extensive optimization of conditions and scale-up [106-109]. To
facilitate the chemical characterization analytical methods are constantly
being developed and improved, one of the major lines of improvement
being the possibility of using small quantities of sample and easy
sample preparation. For example, the recent developments of ultra-
High-Performance Liquid Chromatography (HPLC) coupled to high
resolution mass spectrometers (MS), as well as capillary probe nuclear
magnetic resonance spectrometers have greatly assisted the process
of natural product discovery from mass limited sample [110-112].
Likewise, the newly developed Desorption Electrospray Ionization Mass
Spectrometry (DESI-MS) technique allows for the rapid detection of the
compounds requiring minimal effort to be spent on sample preparation
[113]. These are available at UNSW. Advances in technologies such as
sampling strategies, nanoscale NMR for structure determination, total
chemical synthesis, fermentation and biotechnology are all crucial to
the success of marine natural products as drug leads.

Prospects of Searching of the Compounds

The desired antiparasitic compound(s) must fulfill at least one
condition to be treated as a strong candidate for future drug design
and development; novelty, retarding the parasitic infections. Moreover,
a novel bacterial species may be obtained (it also requires DNA
hybridization to be proved the bacteria as novel). Identified bacterial
species and/or strain capable of producing novel bioactive molecule(s)

can be useful in following cases; helps biochemists to reveal biosynthetic
pathways for the synthesis of target novel molecule(s), tremendous
applications in biotechnology fields (e.g., metabolic engineering, protein
engineering, identification and isolation of new gene(s) responsible for
biosynthesis of the novel products etc.).

Conclusion

Resistance to protozoa and helminths is an immerging problem in
the world. Therefore, the developments of natural products remain an
indispensable and unparalleled source of biologically active compounds.
Microorganisms are currently accepted as the best renewable sources for
bioactive and the exploration of yet underexplored sources such as the
marine living-surfaces have a great potential to deliver novel bioactive
producing microbes useful for further drug development. Thus, marine
surface associated bacteria are great source for production of novel
antiprotozoal and anthelminthic compounds.
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